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Harris Marketing Support Services (HMSS), 1-800-4HARRIS

HMSS provides world-class service to customers requiring information on all products offered by Harris
Semiconductor. Ask Harris Marketing Support Services for answers concerning:

• Product Identification • Distributor Stocking Levels
• Availability • Requests for Literature and Samples
• Competitive and Obsolete Cross-Reference

HMSS services are available from 8:00am to 8:00pm EST. Callers from outside the United States, dial
(407) 727-9207.

HMSS is the initial contact for customers who need technical assistance with the selection and use of
our products. Callers have the option to be connected directly to the Central Applications Group.

Central Applications, 1-800-4HARRIS

Ask our experienced staff of engineers for assistance with:

• Device Selection
• Specification Interpretation
• Applications for Any Harris Product

Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to
5:00pm EST. Callers from outside the United States dial (407) 727-9207.

Central Applications' knowledge of our portfolio can provide you with a total system design solution
using the latest Harris devices!

Electronic Technical Support

Electronic services from Harris Semiconductor offer you the most current information possible.
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Voltage Transients - An Overview

To treat any problem, the scope of the problem must first be
established. This section is an overview of the sources and
nature of transient overvoltages, the problems they can
cause and the equipment for testing and monitoring them.

Transients in electrical circuits result from the sudden
release of previously stored energy. This energy can be
stored within the circuit and released by a voluntary or con-
trolled switching action or it can be stored outside the circuit
and be injected or coupled into the circuit of interest by some
action beyond the control of the circuit designer.

Transients may occur either in repeatable fashion or as ran-
dom impulses. Repeatable transients, such as commutation
voltage spikes, inductive load switching, etc., are more eas-
ily observed, defined and suppressed. Random transients
are more elusive. They occur at unpredictable times, at
remote locations, and require installation of monitoring
instruments to detect their occurrence. Experience has been
accumulated to provide reasonable guidelines of the tran-
sient environments in low voltage AC power circuits,ll, 2]

telecommunications equipment[3] and automotive electrical
systems.[4]

Effective transient overvoltage protection requires that the
impulse energy be dissipated in the added suppressor at a
voltage low enough to ensure the survival of circuit compo-
nents. The following sections will discuss in detail the two
categories of transients, how they occur, their effects and
their detection.

A sudden change in the electrical conditions of any circuit
will cause a transient voltage to be generated from the
energy stored in circuit inductance and capacitance. The
rate of change in current (dildt) in an inductor (L) will gener-
ate a voltage equal to -L di/dt, and it will be of a polarity that
causes current to continue flowing in the same direction.

It is this effect that accounts for most switching-induced tran-
sient overvoltages. It occurs as commutating spikes in
power conversion circuits, when switching loads and under
fault conditions. The effect is brief, since the source is limited
to the energy stored in the inductance (1/2U2), and it is gen-
erally dissipated at a high instantaneous power (Energy =
power x time). But the simple effect of one switching opera-
tion can be repeated several times during a switching
sequence (consider arcing in the contact gap of a switch), so
that cumulative effects can be significant.

Energizing the Transformer Primary

When a transformer is energized at the peak of the supply volt-
age, the coupling of this voltage step function to the stray
capacitance and inductance of the secondary winding can
generate an oscillatory transient voltage with a peak amplitude
up to twice the normal peak secondary voltage (Figure 1).
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FIGURE 1. VOLTAGE TRANSIENT CAUSED BY ENERGIZING
TRANSFORMER PRIMARY

Subsequent oscillations depend on the Land C parameters
of the circuit. Another important point to remember is that the
secondary side will be part of a capacitive divider network in
series with the transformer interwinding capacitance (Cs).
This capacitively coupled voltage spike has no direct rela-
tionship to the turns ratio of the transformer, so that it is con-
ceivable that the secondary circuit can see a substantial
fraction of the peak applied primary voltage.

De-Energizing the Transformer Primary

The opening of the primary circuit of a transformer generates
extreme voltage transients, especially if the transformer
drives a high impedance load. Transients in excess of ten
times normal voltage have been observed across power
semiconductors when this type of switching occurs.

Interrupting the transformer magnetizing current, and the
resulting collapse of the magnetic flux in the core, couples a
high voltage transient into the transformer secondary wind-
ing, as shown in Figure 2.
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FIGURE 2. VOLTAGE TRANSIENT CAUSED BY INTERRUPTION
OF TRANSFORMER MAGNETIZING CURRENT

Unless a low-impedance discharge path is provided, this
burst of transient energy appears across the load. If this load
is a semiconductor device or capacitor with limited voltage
capabilities, that component may fail. The transients pro-
duced by interrupting the magnetizing current are usually
quite severe. For example, the stored energy in the magne-
tizing field of a 150kVA transformer can be 9J.

Fault with Inductive Power Source

If a short develops on any power system, devices parallel to
the load may be destroyed as the fuse clears.
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FIGURE 3. VOLTAGE TRANSIENT CAUSED BY FUSE BLOW·
ING DURING POWER FAULT

When the fuse or circuit breaker of Figure 3 opens, it inter-
rupts the fault currents causing the slightly inductive power
source to generate a high voltage (-L di/dt), and high energy
(1/2U2), transient across any parallel devices. Suddenly
interrupting a high current load will have a similar effect.

Switch Arcing

When current in an inductive circuit, such as a relay coil or a
filter reactor, is interrupted by a contactor, the inductance
tries to maintain its current by charging the stray capaci-
tance. Similar action can take place during a closing
sequence if the contacts bounce open after the initial closing
as in Figure 4. The high initial charging current will oscillate
in the inductance and capacitance at a high frequency.
When the voltage at the contact rises, breakdown of the gap
is possible since the distance is still very small during the
opening motion of the contact. The contact arc will clear at
the current zero of the oscillation but it will restrike as the
contact voltage rises again. As the contacts are moving far-
ther apart, each restrike must occur at a higher and higher
voltage until the contact succeeds in interrupting the current.
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This restrike and escalation effect is particularly apparent in
Figure 5, where a switch opens a relay coil of 1H, having
about O.001l!F of distributed (stray) capacitance in the wind-
ing. Starting with an initial DC current of a 100mA, the circuit
produces hundreds of restrikes (hence, the "white" band on
the oscillogram) at high repetition rate, until the circuit clears,
but not before having reached a peak of 3kV in contrast to
the initial 125V in the circuit. .-
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FIGURE 5. VOLTAGE ESCALATION DURING RESTRIKES

Electromechanical contacts generate transients which they
generally can survive. However, in the example just
discussed, the 2.5ms long sequence of restrikes and
attendant high current may be damaging to the contacts.
Also, the transients injected into the power system during
the restrike can be damaging to other loads.

In an attempt to eliminate electromechanical switches and
their arcing problem, solid-state switches are recommended
with good reason! However, if these switches are applied
without discrimination in inductive circuits, the very
effectiveness of the interruption can lead to the generation of
high voltage transients.



In the example of Figure 6, the transistor used for switching
400mA in a 70mH solenoid is exposed to 420V spikes,
although the circuit voltage is only 150V.

Whenever possible, a system should be examined for poten-
tial sources of transient overvoltage so they can be elimi-
nated at the source, for one source can affect many
components. If the sources are many (or unidentifiable) and
the susceptible components few, it may be more practical
then to apply suppression at the components.

Frequently, transient problems arise from the power source
feeding the circuit. These transients create the most conster-
nation because it is difficult to define their amplitude, dura-
tion and energy content. The transients are generally
caused by switching parallel loads on the same branch of a
distribution system, although they also can be caused by
lightning. Communication lines, such as alarm and tele-
phone systems, are also affected by lightning and power
system faults.

To deal with random transients, a statistical approach has
been taken to identify the nature of line overvoltages. While
recordings of transients have been made, one cannot state
that on a specific system there is an "X" probability of
encountering a transient voltage of "yo amplitude. Therefore,
one is limited to quoting an "average" situation, while being
well aware that large deviations from this average can occur,
depending on the characteristics of the specific system.

In the following sections, the recorded experiences of three
types of systems will be described. These are: 1) AC power
lines (up to 1000V); 2) telecommunication systems; and
3) automotive systems.

Data collected from various sources has provided the basis
for this guide to transient overvoltages.11,5, 6,7, 8J

Amplitude and Frequency of Occurrence

The amplitude of transient recordings covers the range from
harmless values just above normal voltage to several kilo-
volts. For 120V AC lines, flashover of the typical wiring spac-
ing produces an upper limit between 6kV and 8kV. Ironically,
the better the wiring practices, the higher the flashover,
allowing higher transients to exist in the wiring system. Stud-
ies of the frequency of occurrence and amplitude agree on
an upper limit and a relative frequency of occurrence.
Figure 7 shows frequency as a function of amplitude. Experi-
ence indicates that devices with less than 2kV withstand
capability will have poor service life in the unprotected resi-
dential environment. Prudent design will aim for 3kV capabil-
ity, although, where safety is of the utmost concern,
designing for 6kV can cope with these rare but possible
occurrences.
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For systems of higher voltages (220V, 240V, 480V), limited
data is available for U.S. systems. However, the curves of
Figure 8 indicate the difference between the two classes,
120V and 220V systems, is smaller than the differences
within each class. IS] One can conclude that the amplitude of
the transient depends more upon the amount of externally
coupled energy and the system impedance than upon the
system voltage.
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FIGURE 8. SWITCHING VOLTAGE TRANSIENTS AS A FUNC-
TION OF THE SYSTEM VOLTAGE FOR THREE
VALUES OF THE TRANSIENT TAil (TIME TO
HALF-VALUE) - (DATA COURTESY OF L. REGEZ,
lANDIS & GYR., ZAG, SWITZERLAND)

For internal switching transients in the power system,
Figure 8 shows the relationship (computed and measured)
between system voltage and transient peaks. IS] Clearly,
there is no direct linear increase of the transient amplitude
as the system voltage is increased.

Some indication of the uncertainty concerning the expected
transient level can be found in the industrial practice of
choosing semiconductor ratings. Most industrial users of
power semiconductors choose semiconductor voltage
ratings from 2.0 to 2.5 times the applied peak steady-state
voltage, in conjunction with rUdimentary transient
suppression, in order to ensure long-term reliability. Whether
or not this ratio is realistically related to actual transient
levels has not been established; the safety factor is simply
chosen by experience. While it is dangerous to argue
against successful experience, there are enough cases
where this rule of thumb is insufficient and thus a more exact
approach is justified. Another objection to the indiscriminate
rule of thumb is economic. Specifying 2.5 times the peak
system voltage results in a high price penalty for these
components. It is normally unrealistic and uneconomical to
specify semiconductors that should withstand transients
without protection. The optimum situation is a combination of
low cost transient protection combined with lower cost
semiconductors having lower voltage ratings.

Duration, Waveform and Source Impedance

There is a lack of definitive data on the duration, waveform
and source impedance of transient overvoltages in AC
power circuits. These three parameters are important for
estimating the energy that a transient can deliver to a

suppressor. It is desirable to have a means of simulating the
environment through a model of the transient overvoltage
pulse. Suggestions have been made to use standard
impulses initially developed for other applications. For
instance, the classical 1.2 x 50llS unidirectional voltage
impulse specified in high voltage systems has been
proposed.19] Also the repetitive burst of 1.5MHz oscillations
("SWC") specified for low-voltage and control systems
exposed to transients induced by high-voltage disconnect
switches in utility switch yards is another suggestion.110]

Working Groups of the IEEE and the International
Electrotechnical Commission have developed standard test
waves and source impedance definitions. These efforts are
aiming at moving away from a concept whereby one should
duplicate environmental conditions and towards a concept of
one standard wave or a few standard waves arbitrarily
specified. The justifications are that equipments built to meet
such standards have had satisfactory field experience and
provide a relative standard against which different levels of
protection can be compared. A condition for acceptance of
these standard waves is that they be easy to produce in the
laboratory.ll1) This is the central idea of the TCL (Transient
Control Level) concept which is currently being proposed to
users and manufacturers in the electronics industry.
Acceptance of this concept will increase the ability to test
and evaluate the reliability of devices and systems at
acceptable cost.

Transient overvoltages occurring in telephone lines can
usually be traced to two main sources: lightning and
50Hz/60Hz power lines. Lightning overvoltage is caused
by a strike to the conductor of an open wire system or to
the shield of a telephone cable. Most modern telephone
lines are contained in shielded cables. When lightning or
other currents flow on the shield of a cable, voltages are
induced between the internal conductors and the shield.l121

The magnitude of the induced voltages depend on the
resistance of the shield material, openings in its
construction, and on the dielectric characteristics and surge
impedance of the cable.

The close proximity of telephone cables and power distribu-
tion systems, often sharing right-of-way-poles and even
ground wires, is a source of transient overvoltages for the
telephone system. Overvoltages can arise from physical
contact of falling wires, electromagnetic induction, and
ground potential rise. Section 10 of this data book presents a
detailed discussion of lightning-induced and power system-
induced transients.

Four principal types of voltage transients are encountered in
an automobile. These are "load dump," alternator field
decay, inductive switching and mutual coupling,(4) In addi-
tion, service "Jump starts" with 24V batteries may occur.

The load dump transient is the most severe and occurs
when the alternator current loading is abruptly reduced. The
most demanding case is often initiated by the disconnection



of a partially discharged battery due to defective terminal
connections. Transient voltages have been reported over
100V lasting up to SOOmswith energy levels in the range of
tens to hundreds of joules.

Switching of inductive loads, such as motors and solenoids,
will create negative polarity transient voltages with a smaller
positive excursion. The voltage waveform has been
observed to rise to a level of -210V and +80V and last as
long as 320).ls. The impedance to the transient is unknown,
leading some designers to test with very low impedance,
resulting in the use of more expensive components than
necessary.

The altemator field decay transient is essentially an
inductive load switching transient. When the ignition switch
is turned off, the decay of the alternator field produces a
negative voltage spike, whose amplitude is dependent on
the voltage regulator cycle and load. It varies between -40V
to -100V and can last 200ms.

Other unexplained transients have been recorded with
peaks of 600V upon engine shutdown. Furthermore,
removal of regulation devices, particularly the battery, will
raise normally innocuous effects to dangerous levels. For
example, ignition pulses up to 7SV and 90).ls in duration
have been observed with the battery disconnected.

Section 11 provides a comprehensive review of automotive
transients and practical suppression techniques to protect
automotive electronics.

Effects on Semiconductors

Most semiconductor devices are intolerant of voltage tran-
sients in excess of their voltage ratings. Even such a short-
lived transient as a few microseconds can cause the semi-
conductor to fail catastrophically or may degrade it so as to
shorten its useful life.

Frequently, damage occurs when a high reverse voltage is
applied to a non-conducting PN junction. The junction may
avalanche at a small point due to the non-uniformity of the
electric field. Also, excess leakage current can occur across
the passivated junction between the terminations on the die
surface. The current can create a low resistance channel
that degrades the junction blocking voltage capability below
the applied steady-state voltage. In the avalanche case,
thermal runaway can occur because of localized heating
building up to cause a melt-through which destroys the
junction.

If the base-emitter junction of a transistor is repetitively
"avalanched" or "zenered" to a high current level by a
reverse pulse, the forward current gain may be degraded.
The triggering sensitivity of a thyristor can be reduced in the
same manner by "zenering" the gate-cathode junction.
Thyristors can also be damaged if turned on by a high
voltage spike (forward breakover) under bias conditions that
allow a rate of current increase (dildt) beyond device
capability. This will occur in virtually all practical circuits
because the discharge of the RC dv/dt protection circuits will
exceed device capability for dildt and destroy the thyristor.

Effects on Electromechanical Contacts

The high voltage generated by breaking current to an
inductor with a mechanical switch will ultimately cause
pitting, welding, material transfer, or erosion of the contacts.
The nature of ultimate failure of the contacts depends upon
such factors as the type of metal used, rate of opening,
contact bounce, atmosphere, temperature, steady-state and
inrush currents, and AC or DC operation. Perhaps most
important is the amount of energy dissipated in each
operation of the contacts.

The actual breaking of current by a set of contacts is a
complex operation. The ultimate break occurs at a
microscopic bridge of metal which, due to the inductive load,
is forced to carry nearly all the original steady-state current.
Ohmic heating of this bridge causes it to form a plasma,
which will conduct current between the contacts when
supplied with a current and voltage above a certain
threshold. The inductor, of course, is more than happy to
supply adequate voltage (EL = -L di/dt). As the contacts
separate and the current decreases, a threshold is reached,
and the current stops abruptly ("chopping"). Inductor current
then charges stray capacitances up to the breakdown
voltage of the atmosphere between the contacts. (For air,
this occurs at 30kV/in.) The capacitance discharges and
recharges repeatedly until all the energy is dissipated. This
arc causes sufficient contact heating to melt, oxidize, or
"burn" the metal, and when the contacts close again, the
contacts may form a poorer connection. If they "bounce," or
are closed soon after arcing, the contacts may be sufficiently
molten to weld closed. Welding can also occur as a result of
high inrush currents passing through the initially formed
bridges upon closing.

Good suppression techniques can significantly reduce the
amount of energy dissipated at the contacts, with a propor-
tional increase in operating life. Suppression can also
reduce the noise generated by this arcing. Voltage-limiting
devices are particularly suited to preventing the noisy high-
voltage "showering" arc described above and illustrated in
Figure 4.

Effects on Insulation
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Transient overvoltages can cause breakdown of insulation,
resulting in either a temporary disturbance of device opera-
tion or instantaneous failure. The insulating level in the
former case will be weakened leading to premature failure.

The severity of the breakdown varies with the type of insula-
tion air, liquid, or solid. The first two tend to be self-healing,
while breakdown of solid insulation (generally organic mate-
rials) is generally a permanent condition.

Air clearances between metal parts in electrical devices and
power wiring constitute air gaps, which behave according to
the usual physics of gap breakdown (pressure, humidity,
shape of electrodes, spacing). The International Electrotech-
nical Commission Working Group on Low Voltage Insulation
Coordination has developed a table listing the minimum
clearances in air for optimum and worst case electric field
conditions existing between electrodes.(13) Breakdown of the
clearance between metal parts can be viewed as a form of



protection, limiting the overvoltage on the rest of the circuit.
However, this protection is dependent upon the likelihood of
AC line current that may follow during the arc breakdown.
Normally, power-follow current should cause the system
fuse or breaker to function. If the power-follow current heat is
limited by circuit impedance, then the system fusing may not
operate. In that case, sufficient heat could be generated to
cause a fire. Experience with power wiring has shown that
metal clearances can flash-over harmlessly under transient
voltage conditions, and power-follow problems are rare, but
can occur.

In liquid dielectrics, an impulse breakdown not followed by a
high current is normally harmless. However, this type of
breakdown is of limited interest in low-voltage systems,
where liquid insulation systems are seldom used, except in
combination with some degree of solid insulation.

Breakdown of solid insulation generally results in local car-
bonization of an organic material. Inorganic insulation mate-
rials are generally mechanically and permanently damaged.
When no power-follow current takes place, the system can
recover and continue operating. However, the degraded
insulating characteristic of the material leads to breakdown
at progressively lower levels until a mild overvoltage, even
within AC line overvoltage tolerances, brings about the ulti-
mate permanent short circuit. Since the final failure can
occur when no transients are present, the real cause of the
problem may be concealed.

Breakdown along surfaces of insulation is the concern of
"creepage" specifications. The working group of IEC cited
above is also generating recommendations on creepage dis-
tances. The behavior of the system where creepage is con-
cerned is less predictable than is breakdown of insulation in
the bulk because the environment (dust, humidity) will deter-
mine the withstand capability of the creepage surface.

When considering the withstand capabilities of any insula-
tion system, two fundamental facts must be remembered.
The first is that breakdown of insulation is not instantaneous
but is governed by the statistics of avalanche ionization.
Hence there is a "volt-time" characteristic, which challenges
the designer to coordinate protection systems as a function
of the impinging waveshape. The second is that the distribu-
tion of voltage across insulation is rarely linear. For example,
a steep wave front produces a piling up of voltage in the first
few turns of a motor winding, often with reflections inside the
winding. AlsO, the breakdown in the gap between the elec-
trodes, initiating at the surface, is considerably dependent
upon the overall field geometry, as well as on macroscopic
surface conditions.

Effects on Power Consumption

As a result of the increasing emphasis on energy conserva-
tion, a number of transient voltage suppression devices
have been offered for sale as energy savers. The premise
seems to be that transient overvoltages would cause degra-
dation of electrical equipment leading to increased losses
and thus to a waste of energy. No convincing proof has been
offered to support this claim, and injunctions against making
such claims have been obtained in several states.[14)

With the proliferation of low level logic circuits, electrical
noise problems are of concern, especially in environments
with electromechanical devices. Noise can upset automatic
manufacturing equipment, medical equipment, computers,
alarms and thyristor-controlled machinery. Such disruption
can cause loss of product, time, money, and even human life.

Noise enters a system either directly on wires or grounds
connected to the source or through coupling to adjacent
wires. Noise problems are dealt with by suppression at the
source, at the receiver, or by isolation. Noise is induced
when stray capacitance or mutual inductance links the sus-
ceptible system to the noise-generating system. The ampli-
tude of the induced noise is then related to the rate-of-
change of either the current or the voltage of the noise
source. The low-frequency components of the induced noise
(which are hardest to filter out) are a result of the amplitude
of the original transient impulses.

Frequently, the source of noise is the arcing of contacts
breaking current through an inductor, such as a relay coil. A
low-current, high-voltage arc creates a series of brief dis-
charges of a damped oscillatory nature, occurring at kHz to
MHz frequencies with amplitudes of from 300V to several
thousand volts. These pulses and their reflections from
loads and line discontinuities travel along the power wires,
easily inducing noise in adjacent wiring. This interference is
best eliminated by preventing it at the source (the induc-
tance) with voltage-limiting devices such as varistors.

Rate of Rise vs Amplitude

Interference coupled into electronic systems, as opposed to
damage, is most often associated with the rate of rise of the
interfering signal rather than its peak amplitude. Conse-
quently, low-amplitude fast-rise interference which is dealt
only by the capacitance of a varistor until the clamping level
is reached by the impinging interference may still be a prob-
lem with the circuit if attempts are made to suppress it with a
retrofit varistor at the location of the victim. A much more
effective cure would be to install the appropriate varistor
near the source of the offending surge, so that the interfer-
ence radiated or coupled by the surge would be confined to
the immediate vicinity of the offending source.

Voltage transients are brief and unpredictable. These two
characteristics make it difficult to detect and measure them.
Even transients described earlier in this section as "repeat-
able" are subject to variations resulting from the timing of the
switching operation, the erratic bouncing of contacts, and
other random combinations.

The transient detector par excellence is the high-frequency
storage oscilloscope, but its cost limits its availability. Cus-
tom s~stems have been built to monitor transients on loca-
tion, [ 5.16)but cost has been a limiting factor in this method
of detection as well. A conventional oscilloscope with high-
frequency response can be used as a monitor if it is provided



with single-sweep controls for monitoring transients occur-
ring at random times but at relatively low frequent rates. The
operator sets the trigger controls at some threshold level in
single-sweep mode and watches the "ready" light on the
oscilloscope panel while a camera with open shutter records
the screen display. The film is pulled after the operator
notices that sweep occurred and, thus, a record is obtained.
While not very efficient for extensive monitoring, this method
is very effective for short-term panics, the most frequent situ-
ation when transients are suspected. Digital storage oscillo-
scopes with automatic data transfer to a magnetic disc are
now available for unattended monitoring.

In recent years, leading oscilloscope manufacturers have
developed improved versions of storage oscilloscopes and
high-frequency, high sampling rate digital oscilloscopes. The
experienced engineer can put them to work and obtain satis-
factory recordings by the technique described above, using
normal safeguards against erroneous recordings (check on
noise background, stray ground currents, radiation of noise
into preamplifier circuits, high frequency response limitations
in differential mode, etc.).

A wide variety of suitable analog or digital test instruments is
commercially available. These allow economical monitoring
of a remote location by providing various degrees of storage
(single-event recording, counting above a threshold, digital
memory for playback, etc.).

Trade magazines and engineering papers have also
described a number of homemade detectors. While these
are undoubtedly performing to the satisfaction of their cre-
ators, one can question the economic wisdom of investing
time and engineering resources to duplicate, debug, validate
and calibrate a homemade device when so many commer-
cial units offering well demonstrated and credible perfor-
mance are available.

Previous and Future Surge Recordings
The supporting data cited in the IEEE Guide on Surge Volt-
ages, ANSIIIEEE C62-41-1980, are based on voltage surge
recordings made in the 1962-1965 period. In that period, dig-
ital instrumentation for surge monitoring was not as readily
available as it is now, and, most significantly, the proliferation
of surge protective devices, such as metal oxide varistors,
had not reached the present level.

Measurements, limited to voltage, were conducted with
oscilloscope/camera systems or with peak-recording instru-
ments. Voltages were generally recorded between the line(s)
and the neutral of a single-phase or polyphase power sys-
tem. No measurements had been reported as neutral-to-
ground; some may have been between line and ground. Of
course, that distinction is moot for measurements made at
the service entrance where neutral and ground are bonded.

An estimate of the number of low-voltage surge protective
devices such as varistors used in the United States since
1972 on AC power circuits is in the order of 500 million. An
undefined but substantial portion of that number is installed
in permanently connected equipment. Therefore, it is now
very likely that a new limitation exists in the recording of volt-

age surges. A surge recording instrument installed indiscrim-
inately at a random location may have a varistor connected
across the line near the point being recorded.[17)This situa-
tion will have several implications for the recordings
obtained in present and future measurements, as contrasted
to those of previous measurement campaigns.

1. Locations where voltage surges were previously identified
assuming no change in the source of surges are now like-
ly to experience lower voltage surges, while current surg-
es will occur in the newly installed protective devices.

2. Not only will the peaks of the observed voltages be
changed, but also their waveforms will be affected by the
presence of nearby varistors as follows:

a. If a varistor is located between the source of the
surge and the recording instrument, the instrument
will record the clamping voltage of the varistor. This
voltage will have lower peaks but longer time to half-
peak than the original surge.

b. If the instrument is located between the source of the
surge and a varistor, or if a varistor is installed in a
parallel branch circuit, the instrument will record the
clamping voltage of the varistor, preceded by a spike
corresponding to the inductive drop in the line sup-
plying surge current into the varistor.

c. If a varistor is connected between line and neutral
with a surge impinging between line and neutral at
the service entrance, a new situation is created: the
line-to-neutral voltage is indeed clamped as
intended, but the inductive drop in the neutral con-
ductor between the point of connection of the varistor
and the service entrance creates a spike voltage
between the neutral and the grounding connector at
the point of connection of the varistor and down-
stream points supplied by the same neutral. Because
this spike will have a short duration, it will be
enhanced by the open-end transmission line effect
between the neutral and grounding conductors.l18j

3. The surge voltage limitation function performed by flash-
over of clearances is more likely to be assumed by new
surge protective devices that are constantly being added
to the systems.

4. The considerations discussed in paragraphs 1, 2, and 3
above will produce a significant reduction in the mean of
recorded voltage surges in a population of differentloca-
tions. This reduction will continue as more and more
varistors are installed. The upper limit, however, will re-
main the same for locations where no varistor has yet
been installed. A sense of false security and an incorrect
description of the environment might be created by atten-
tion given only to the average of voltage surges presently
recorded in power systems. Furthermore, the need for
adequate surge current handling capability of a new can-
didate surge suppressor might be underestimated if par-
tial surge diversion is already being performed by a
nearby varistor. This risk will be exacerbated if an attempt
is made to clamp at lower voltages by the installation of a
new protective device with a c1ampin~voltage lower than
that of the device already installed.11 )
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It is desirable to have test criteria and definitions that provide
a common engineering language beneficial to both the
user and manufacturer of surge protective devices. Regret-
fully, different terms have come into use through industry
practice over the years. Testing standards have tended to
proliferate as the measurement objective defines either the
characteristics of the protective device or the environment of
the application.

The characteristics of each surge protection device will vary
according to its basic construction. Protective devices are
diverse, being based on ionized gas breakdown,
semiconductor junction breakdown, and "charge hopping"
conduction. For this reason, it seems sensible to group
devices by physical category and set up pertinent standards
that are suitable for characterizing their behavior. The
standards would use appropriate stress levels and measure
those parameters that are critical to ensuring proper
performance.

The application environment has demanded different condi-
tions of transient levels. Standards vary depending on sys-
tem usage, whether protection is intended for power lines,
telecommunications, automotive, or aircraft, to name a few.
Each environment also has been defined with less than full
precision leading to additional diversity on choice of wave-
shape, amplitude and duration.

Several organizations such as ANSI/IEEE, IEC, UL, NEMA
are currently developing guidelines and standards to
describe what the environment is likely to be, on the basis
of accumulated recording and field experience. From this,
test specifications are being prepared[20. 21.22,231that will
allow objectives are realistic evaluation of suppressor
applications.
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The Development of a Guidet on Surge Voltages
in Low-Voltage AC Power Circuits

Surge voltages occurring in AC power circuits can be the
cause of misoperation or product failure for residential as
well as industrial systems. The problem has received
increased attention in recent years because miniaturized
solid state devices are more sensitive to voltage surges
(spikes and transients) than were their predecessors.

Although surge voltage amplitudes and their frequency of
occurrence on unprotected circuits are well known, their
waveshapes and energy content are less well known. On the
basis of measurements, statistics, and theoretical
considerations, a practical guide for outlining the
environment for use in predicting extreme waveshapes and
energy content can nevertheless be established. A Working
Group of the Surge Protective Devices Committee has
completed such a descriptive Guide.tt The Guide proposes
two waveforms, one oscillatory, the other unidirectional,
depending on the location within the power system. It also
includes recommendations for source impedance or short-
circuit current. While the major purpose of the Guide is to
describe the environment, a secondary purpose is to lead
toward standard tests.

Surge voltages occurring in low-voltage AC power circuits
originate from two major sources: system switching
transients and direct or indirect lightning effects on the
power system. System switching transients can be divided
into transients associated with (1) major power system
switching disturbances, such as capacitor bank switching;
(2) minor switching near the point of interest, such as an
appliance turnoff in a household or the turnoff of other loads
in an individual system; (3) resonating circuits associated
with switching devices, such as thyristors; and (4) various
system faults, such as short circuits and arcing faults.

Measurements and calculations of lightning effects have
been made to yield data on what levels can be produced,
even if the exact mechanism of any particular surge is
unknown. While the data have been recorded primarily on
120,220/380, or 277/480V systems, the general conclusions
should be valid for 600V systems. To the extent that surge
voltages are produced by a discrete amount of energy being
dumped into a power system, low impedance, heavy
industrial systems can be expected to experience lower
peaks from surge voltages than 120V residential systems,
but comparable, or greater, amounts of energy potentially
available for deposition in a surge suppressor.

Rate of Occurrence and Voltage Levels In
Unprotected Circuits
The rate of occurrence of surges varies over wide limits,
depending on the particular power system. Prediction of the
rate for a particular system is always difficult and frequently
impossible. Rate is related to the level of the surges; low-
level surges are more prevalent than high-level surges.

It is essential to recognize that a surge voltage observed in a
power system can be either the driving voltage or the volt-
age limited by the sparkover of some clearance in the sys-
tem. Hence, the term unprotected circuit must be
understood to be a circuit in which no low-voltage protective
device has been installed but in which clearance sparkover
will eventually limit the maximum voltage. The distribution of
surge levels, therefore, is influenced by the surge-producing
mechanisms as well as by the sparkover level or clearances
in the system. This distinction between actual driving voltage
and voltage limited by sparkover is particularly important at
the interface between outdoor equipment and indoor equip-
ment. Outdoor equipment has generally higher clearances,
hence higher sparkover levels: 10kV may be typical, but
20kV is possible. In contrast, most indoor wiring devices
used in 120V-240V systems have sparkover levels of about
6kV; this 6kV level, therefore, can be selected as a typical
cutoff for the occurrence of surges in indoor power systems.

NOTE: In some locations, sparkoverof clearances may limit the overvoltages.

FIGURE 1. RATE OF SURGE OCCURRENCE vs VOLTAGE
LEVEL AT UNPROTECTED LOCATIONS

Data collected from many sources have led to the plot
shown in Figure 1. This prediction shows with certainty only
a relative frequency of occurrence, while the absolute num-

t Condensedfrom a paper presentedat the 1979 IEEE 14th Electrical/ElectronicsinsulationConference,Boston, October 9-1, 1979.
Reprintedwith permissionof the Instituteof Electricaland ElectronicsEngineers.

tt ANSll1EEEC62.41-1980Guideon SurgeVoltagesin Low-VoltageAC PowerCircuits.
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ber of occurrences can be described only in terms of "low
exposure: "medium exposure, or "high exposure." These
exposure levels can be defined in general terms as follows:
Low Exposure - Systems in geographical areas known for
low lightning activity, with little load switching activity.
Medium Exposure - Systems in geographical areas known
for high lightning activity, with frequent and severe switching
transients.

High Exposure - Rare but real systems supplied by long
overhead lines and subject to reflections at line ends, where
the characteristics of the installation produce high sparkover
levels of the clearances.

The two lower lines of Figure 1 have been drawn at the
same slope, since the data base shows reasonable agree-
ment among several sources on that slope. All lines may be
truncated by sparkover of the clearances at levels depend-
ing on the withstand voltage of these clearances. The "high-
exposure" line needs to be recognized, but it should not be
applied indiscriminately to all systems. Such application
would penalize the majority of installations, where the expo-
sure is lower.

From the relative values of Figure 1, two typical levels can
be cited for practical applications. First, the expectation 3kV
transient occurrence on a 120V circuit ranges from 0.01 to
10 per year at a given location a number sufficiently high to
justify the recommendation of a minimum 3kV withstand
capability. Second, the sparkover of wiring devices indicates
that a 6kV withstand capability may be sufficient to ensure
device survival indoors, but a withstand capability of 10kV, or
greater, may be required outdoors.

The voltage and current amplitudes presented in the Guide
attempt to provide for the vast majority of lightning strikes
but should not be considered as "worst case: since this con-
cept cannot be determined realistically. One should think in
terms of the statistical distribution of strikes, accepting a rea-
sonable upper limit for most cases. Where the conse-
quences of a failure are not catastrophic but merely
represent an annoying economic loss, it is appropriate to
make a trade-off of the cost of protection against the likeli-
hood of failure caused by a high but rare surge. For
instance, a manufacturer may be concerned with nationwide
failure rates, those at the upper limits of the distribution
curve, while the user of a specific system may be concerned
with a single failure occurring at a specific location under
"worst-case conditions." Rates can be estimated for average
systems, however, and even if imprecise, they provide man-
ufacturers and users with guidance. Of equal importance is
the observation that surges in the range of 1kV to 2kV are
fairly common in residential circuits.

Surges occur at random times with respect to the power fre-
quency, and the failure mode of equipment may be affected
by the power frequency follow current. Furthermore, the tim-
ing of the surge with respect to the power frequency may
affect the level at which failure occurs. Consequently, when
the failure mode is likely to be affected, surge testing should
be done with the line voltage applied to the test piece.

Waveshape of Representative Surge
Voltages
Waveshapes in Actual Occurrences

Indoor" Measurements in the field, measurements in the
laboratory, and theoretical calculations indicate that most
surge voltages in indoor low-voltage systems have oscilla-
tory waveshapes, unlike the well-known and generally
accepted unidirectional waves specified in high-voltage insu-
lation standards. A surge impinging on the system excites
the natural resonant frequencies of the conductor system.
As a result, not only are the surges typically oscillatory, but
surges may have different amplitudes and waveshapes at
different places in the system. These oscillatory frequencies
of surges range from 5kHz to more than 500kHz. A 30kHz to
100kHz frequency is a realistic measure of a "typical" surge
for most residential and light industrial AC line networks.

Outdoor and Service Entrance - Surges encountered in
outdoor locations have also been recorded, some oscillatory,
other unidirectional. The "classical lightning surge" has been
established as 1.2/50ms for a voltage wave and 8/20ms for a
current wave, but these waveshapes should not be construed
as typical waves for low-voltage circuits. Lightning discharges
induce oscillations, reflections, and disturbances that ulti-
mately appear as decaying oscillations in lOW-VOltagesystems.

Because the prime concern here is the energy associated
with these surges, the waveshape to be selected must
involve greater energy than that associated with the indoor
environment. Secondary surge arresters have a long history
of successful performance, meeting the ANSI C62.1 specifi-
cation, as detailed below; consequently, these specifications
can be adopted as a realistic representation of outdoor
waveshapes.

Selection of Representative Waveshapes

The definition of a waveshape to be used as representative
of the environment is important for the design of candidate
protective devices, since unrealistic requirements, such as
excessive duration of the voltage or very low source imped-
ance, place a high energy requirement on the suppressor,
with a resulting cost penalty to the end user. The two
requirements defined below reflect this trade-off.

Indoor - Based on measurements conducted by several
independent organizations in 120V and 240V systems, the
wave- shape shown in Figure 2 is reasonably representative
of surge voltages in these power circuits. Under the pro-
posed description of a "0.5~s - 100kHz ring wave," this
waveshape rises in 0.5~s, then decays while oscillating at
100kHz, each peak being about 60% of the preceding peak.

Outdoor - In the outdoor and service entrance environment,
as well as in locations close to the service entrance, sub-
stantial energy, or current, is still available, in contrast to the
indoor environment, where attenuation has taken place. For
these locations, the unidirectional impulses long established
for secondary arresters are more appropriate than the oscil-
latory wave.



Accordingly, the recommended waveshape is 1.2/50!ls for
the open-circuit voltage or voltage applied to a high-imped-
ance device, and 8/20!ls for the discharge current or current
in a low-impedance device. The numbers used to describe
the impulse, 1.2/50 and 8/20, are those defined in IEEE
Standard 28 - ANSI Standard C62.1; Figure 3 presents the
waveshape and a graphic description of the numbers.
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FIGURE 2. THE PROPOSED 0.5118• 100kHz RING WAVE
(OPEN-eIRCUIT VOLTAGE)

Energy and Source Impedance
General

The energy involved in the interaction of a power system
with a surge source and a surge suppressor will divide
between the source and the suppressor in accordance with
the characteristics of the two impedances. In a gap-type
suppressor, the low impedance of the arc after sparkover
forces most of the energy to be dissipated elsewhere: for
instance, in a resistor added in series with the gap for limit-
ing the power-follow current. In an energy-absorber suppres-
sor, by its very nature, a substantial share of the surge
energy is dissipated in the suppressor, but its clamping
action does not involve the power-follow energy resulting
from the short-circuit action of a gap. It is therefore essential
to the effective use of suppression devices that a realistic
assumption be made about the source impedance of the
surge whose effects are to be duplicated.

The voltage wave shown in Figure 2 is intended to represent
the waveshape a surge source would produce across an
open circuit. The waveshape will be different when the
source is connected to a load having a lower impedance,
and the degree to which it is lower is a function of the imped-
ance of the source.

To prevent misunderstanding, a distinction between source
impedance and surge impedance needs to be made. Surge
impedance, also called characteristic impedance, is a con-
cept relating the parameters of a line to the propagation of
traveling waves. For the wiring practices of the AC power cir-
cuits discussed here, this characteristic impedance would be
in the range of 1500 to 300n, but because the durations of
the waves being discussed (50!lS to 2!!s) are much longer
than the travel times in the wiring systems being considered,
traveling wave analyses are not useful here.

Source impedance, defined as "the impedance presented by
a source energy to the input terminals of a device, or net-
work" (IEEE Standard 100), is a more useful concept here.

In the conventional Thevenin's description, the open-circuit
voltage (at the terminals of the network or test generator)
and the source impedance (of the surge source or test gen-
erator) are sufficient to calculate the short-circuit current, as
well as any current for a specified suppressor impedance.

The measurements from which Figure 1 was derived were of
voltage only. Little was known about the impedance of the
circuits upon which the measurements were made. Since
then, measurements have been reported on the impedance
of power systems. Attempts were made to combine the
observed 6kV open-circuit voltage with the assumption of a
parallel 50nl50!lH impedance.
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FIGURE 38. DISCHARGE CURRENT WAVEFORM

FIGURE 3. UNIDIRECTIONAL (ANS1 STANDARD C62.1)
WAVESHAPES

This combination resulted in low energy deposition capabil-
ity, which was contradicted by field experience of suppressor
performance. The problem led to the proposed definition of
oscillatory waves as well as high-energy unidirectional
waves, in order to produce both the effects of an oscillatory
wave and the high-energy deposition capability.

The degree to which source impedance is important depends
largely on the type of surge suppressors that are used. The
surge suppressors must be able to withstand the current
passed through them by the surge source. A test generator of
too high an impedance may not subject the device under test
to sufficient stresses, while a generator of too Iowan imped-
ance may subject protective devices to unrealistically severe
stresses. A test voltage wave specified without reference to
source impedance could imply zero source impedance one
capable of producing that voltage across any impedance,
even a short circuit. That would imply an infinite surge cur-
rent, clearly an unrealistic situation.
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Because of the wide range of possible source impedances
and the difficulty of selecting a specific value, three broad
categories of building locations are proposed to represent
the vast majority of locations, from those near the service
entrance to those remote from it. The source impedance of
the surge increases from the outside to locations well within
the building. Open-circuit voltages, on the other hand, show
little variation within a building because the wiring provides
little attenuation. Figure 4 illustrates the application of the
three categories to the wiring of a building.

For the two most common location categories, Table 1
shows the representative surge voltages and currents, with
the waveforms and amplitudes of the surges, and high- or
low-impedance specimen. For the discharge current shown,
the last two columns show the energy that would be depos-
ited in a suppressor clamping at 500V and 1000V, typical of
120V or 240V applications, respectively. For higher system
voltages (assuming the same current values), the energy
would increase in proportion to the clamping voltage of a
suppressor suitable for that system voltage.

The values shown in Table 1 represent the maximum range
and correspond to the "medium exposure" situation of
Figure 1. For less exposed systems, or when the prospect of
a failure is not highly objectionable, one could specify lower
values of open-circuit voltages with corresponding reduc-
tions in the discharge currents.

The 6kV open-circuit voltage derives from two facts: the limit-
ing action of wiring device sparkover and the unattenuated
propagation of voltages in unloaded systems. The 3kA dis-
charge current in Category B derives from experimental
results: field experience in suppressor performance and simu-
lated lightning tests. The two levels of discharge currents from
the O.5~s - 100kHz wave derive from the increasing imped-
ance expected in moving from Category B to Category A.

Location Category C is likely to be exposed to substantially
higher voltages than location Category B because the limit-

ing effect of sparkover is not available. The "medium expo-
sure" rates of Figure 1 could apply, with voltage in excess of
10kV and discharge currents of 10kA, or more. Installing
unprotected load equipment in location Category C is not
recommended; the installation of secondary arresters, how-
ever, can provide the necessary protection. Secondary
arresters having 10kA ratings have been applied success-
fully for many years in location Category C (ANSI Standards
C62.1 and C62.2).

NOTES:
A Outlets and Long Branch Circuits: All ouijets at mere than 10m

(30 feet) from Category B with wires #14-10; All ouijets at more than
20m (60 feet) from Category C with wires #14-10.

B. Major Feeders and Short Branch Circuits: Distribution panel
devices; Bus and feeder systems in industrial plants; Heavy ap-
pliance outlets with "short" connections to the service entrance;
Lighting systems in commercial.

C. Outside and Service Entrance: Service drop from pole to buiid-
ing entrance; Run between meter and distribution panel; Over-
head line to detached buildings; Underground iines to well pumps.

FIGURE 4. LOCATION CATEGORIES

TABLE 1. SURGE VOLTAGES AND CURRENT DEEMED TO REPRESENT THE INDOOR ENVIRONMENT AND SUGGESTED FOR
CONSIDERATION IN DESIGNING PROTECTIVE SYSTEMS

ENERGY (JOULES) DEPOSITED
IN A SUPPRESSOR (NOTE 3)

IMPULSE WITH CLAMPING VOLTAGE OF

COMPARABLE MEDIUM
LOCATION TO IEC 664 EXPOSURE TYPE OF SPECIMEN 500V 1000V
CATEGORY CATEGORY WAVEFORM AMPLITUDE OR LOAD CIRCUIT (120V SYSTEM) (240V SYSTEM)

A. Long branch II 0.5ms - 100kHz 6kV High Impedance (Note 1)
circuits and outlets

200A Low Impedance (Note 2) 0.8 1,6

B. Major feeders III 1.2/S0~s 6kV High Impedance (Note 1)
short branch

8/20~s 3kA Low Impedance (Note 2) 40circuits, and load 80

center O.Sms- 100kHz 6kV Low Impedance (Note 1)

SOOA High Impedance (Note 2) 2 4

NOTES:
1. For high-impedance test specimens or load circuits, the voltage shown represents the surge voltage. In making simulation tests, use that

value for the open-circuit voltage of the test generator.
2. For low-impedance test specimens or load circuits, the current shown represents the discharge current of the surge (not the short-circuit

current of the power system). In making simulation tests, use that current for the short-circuit current of the test generator.
3. Other suppressors which have different clamping voltages would receive different energy levels.
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Transient Suppression Devices and Principles

This section presents a brief description of available tran-
sient suppressors and their operation, and discusses how
these devices can be applied.

There are two major categories of transient suppressors: a)
those that attenuate transients, thus preventing their propa-
gation into the sensitive circuit; and b) those that divert tran-
sients away from sensitive loads and so limit the residual
voltages.

Attenuating a transient, that is, keeping it from propagating
away from its source or keeping it from impinging on a sensi-
tive load is accomplished with filters inserted in series within
a circuit. The filter, generally of the low-pass type, attenuates
the transient (high frequency) and allows the signal or power
flow (low-frequency) to continue undisturbed.

Diverting a transient can be accomplished with a voltage-
clamping type device or with a "crowbar" type device. The
designs of these two types, as well as their operation and
application, are different enough to warrant a brief discus-
sion of each in general terms. A more detailed description
will follow later in this section.

A voltage-clamping device is a component having a variable
impedance depending on the current flowing through the
device or on the voltage across its terminal. These devices
exhibit a nonlinear impedance characteristic that is, ohm's
law is applicable but the equation has a variable R. The vari-
ation of the impedance is monotonic; in other words, it does
not contain discontinuities in contrast to the crowbar device,
which exhibits a turn-on action. The volt-ampere characteris-
tic of these clamping devices is somewhat time-dependent,
but they do not involve a time delay as do the sparkover of a
gap or the triggering of a thyristor.

0.1 1 10 100 1000

CURRENT (A)

LINEAR IMPEDANCE: I = ~
NON-LINEAR IMPEDANCE (POWER LAW): 1= KVQ

FIGURE 1. VOLTAGE/CURRENT CHARACTERISTIC FOR A
LINEAR 10 RESISTOR AND NONLINEAR
VARISTOR

With a voltage-clamping device, the circuit is unaffected by
the presence of the device before and after the transient for
any steady-state voltage below the clamping level. The volt-

age clamping action results from the increased current
drawn through the device as the voltage tends to rise. If this
current increase is greater than the voltage rise, the imped-
ance of the device is nonlinear (Figure 1). The apparent
"clamping" of the voltage results from the increased voltage
drop (IR) in the source impedance due to the increased cur-
rent. It should be clearly understood that the device depends
on the source impedance to produce the clamping. One is
seeing a voltage divider action at work, where the ratio of the
divider is not constant but changes. However, if the source
impedance is very low, then the ratio is low. The suppressor
cannot be effective with zero source impedance (Figure 2)
and works best when the voltage divider action can be
implemented.

Oll)Zwct..J
lI)D.w-oO_Z>-wD:OD.

FIGURE 2B. CROWBAR DEVICE

FIGURE 2. DIVISION OF VOLTAGE WITH VARIABLE IMPED-
ANCE SUPPRESSOR

Crowbar-type devices involve a switching action, either the
breakdown of a gas between electrodes or the turn-on of a
thyristor. After switching on, they offer a very low impedance
path which diverts the transient away from the parallel-con-
nected load.

These crowbar devices have two limitations. The first is their
delay time, typically microseconds, which leaves the load
unprotected during the initial rise. The second limitation is
that a power current from the steady-state voltage source
will follow the surge discharge (called "follow-current" or
"power-follow"). In AC circuits, this power-follow current may
or may not be cleared at a natural current zero; in DC cir-
cuits the clearing is even more uncertain. Therefore, if the
crowbar device is not designed to provide self-clearing
action within specified limits of surge energy and system
voltage and power-follow current, additional means must be
provided to open the power circuit.



The frequency components of a transient are several orders
of magnitude above the power frequency of an AC circuit
and, of course, a DC circuit. Therefore, an obvious solution
is to install a low-pass filter between the source of transients
and the sensitive load.

The simplest form of filter is a capacitor placed across the
line. The impedance of the capacitor forms a voltage divider
with the source impedance, resulting in attenuation of the
transient at high frequencies. This simple approach may
have undesirable side effects, such as a) unwanted reso-
nances with inductive components located elsewhere in the
circuit leading to high peak voltages; b) high inrush currents
during switching, or, c) excessive reactive load on the power
system voltage. These undesirable effects can be reduced
by adding a series resistor hence, the very popular use of
RC snubbers and suppression networks. However, the price
of the added resistance is less effective clamping.

Beyond the simple RC network, conventional filters compris-
ing inductances and capacitors are widely used for interfer-
ence protection. As a bonus, they also offer an effective
transient protection, provided that the filter's front-end com-
ponents can withstand the high voltage associated with the
transient.

There is a fundamental limitation in the use of capacitors
and filters for transient protection when the source of
transients in unknown. The capacitor response is indeed
nonlinear with frequency, but it is still a linear function of
current.

In Section 1, it was explained that to design a protection
scheme against random transients, it is often necessary to
make an assumption about the characteristics of the imping-
ing transient. If an error in the source impedance or in the
open-circuit voltage is made in that assumption, the conse-
quences for a linear suppressor and a nonlinear suppressor
are dramatically different as demonstrated by the following
comparison.

A Simplified Comparison Between
Protection with Linear and Nonlinear
Suppressor Devices
Assume an open-circuit voltage of 3000V (see Figure 2):

1. If the source impedance is Z = son
With a suppressor impedanc~ of Zv = an
The expected current is:

30001 = 50+8 = 51.7A and VR = 8x51.7 = 414V

The maximum voltage appearing across the terminals of a
typical nonlinear V130LA20A varistor at S1.7A is 330V.

Note that:

Zs x I = 50 X 51.7= 2586V
Zvx\=BX51.7 =~

= 3000V

2. If the source impedance is only sn (a 10:1 error in the as-
sumption), the voltage across the same linear an sup-
pressor is:

8
VR = 3000 s:;:a = 1850V

However, the nonlinear varistor has a much lower imped-
ance; again, by iteration from the characteristic curve, try
400V at SOOA,which is correct for the V130LA20A; to prove
the correctness of our "educated guess" we calculate I,

3000-400V
5

Zs x I = 5 x 520 = 2600V
Vc= 400V

=3000V

which justifies the "educated guess" of SOOAin the circuit.

NOTE: An educatedguess,or the resultof an iteration,see"Design-
ing with HarrisVaristors: Section6.

Summary

TABLE 1. 3000V"OPEN-eIRCUIT"TRANSIENTVOLTAGE

ASSUMEDSOURCEIMPEDANCE

50n 5n

PROTECTIVEDEVICE PROTECTIVELEVEL ACHIEVED

Linear8n 414V 1850V

NonlinearVaristor 330V 400V

Similar calculations can be made, with similar conclusions,
for an assumed error in open-circuit voltage at a fixed source
impedance. In that case, the linear device is even more sen-
sitive to an error in the assumption. The calculations are left
for the interested reader to work out.

The example calculated in the simplified comparison
between protection with linear and nonlinear suppression
devices shows that a source impedance change from an
assumed son to sn can produce a change of about 414V to
1aSOVfor the protective voltage of a typical linear suppres-
sor. With a typical nonlinear suppressor, the corresponding
change is only 330V to 400V. In other words, a variation of
only 21% in the protective level achieved with a nonlinear
suppressor occurs for a 10 to 1 error in the assumption
made on the transient parameters, in contrast to a 447%
variation in the protective level with a linear suppressor for
the same error in assumption. Nonlinear voltage-clamping
devices give the lowest clamping voltage, resulting in the
best protection against transients.

Crowbar Devices

This category of suppressors, primarily gas tubes (also
called "spark gaps") or carbon-block protectors, is widely
used in the communication field where power-follow current
is less of a problem than in power circuits. Another form of
these suppressors is the hybrid circuit which uses solid-state
or ionic devices where a control circuit causes tum-on of an
active component.



In effect, a crowbar device short-circuits a high voltage to
ground. This short will continue until the current is brought to
a low level. A voltage clamping device will never reduce the
line voltage below its steady-state value but the crowbar
device often will. Because the voltage (arc or forward-drop)
during the discharge is held very low, substantial currents
can be carried by the suppressor without dissipating a con-
siderable amount of energy within the suppressor. This
capability is the major advantage of these suppressors.
However, two limitations must be considered.

Volt-Time Response - When the voltage rises across a
spark gap, no significant conduction can take place until
transition to the arc mode has occurred by avalanche break-
down of the gas between the electrodes. The delay time,
typically microseconds, leaves the load unprotected during
the initial rise.

Since the process is statistical in nature, there is a
considerable variation in the sparkover voltage obtained in
successive operations. For some devices, this sparkover
voltage also can be substantially higher after a long period of
rest than after a succession of discharges. From the physical
nature of the process, it is difficult to produce consistent
sparkover voltage for low voltage ratings. The difficulty is
compounded by the effect of manufacturing tolerances on
very small gap distances. One way to alleviate the difficulty
is to fill the tube with a gas having a lower breakdown
voltage than that of air. However, this substitution creates a
reliability problem if the enclosure seal is lost and the gas is
replaced by air. Some applications require providing a
second gap in parallel with the first, with slightly higher
sparkover voltage for backup against failure of the gas tube.

Power-Follow - The second limitation is that a power cur-
rent from the steady-state voltage source will follow the
surge discharge (called "follow-current" or "power-follow"). In
AC circuits, this power-follow current mayor may not be
cleared at a natural current zero; in DC circuits the clearing
is even more uncertain. Therefore, if the crowbar device is
not designed to provide self-clearing action within specified
limits of surge energy and system voltage and power-follow
current, additional means must be provided to open the
power circuit.

Voltage-Clamping Devices

To perform the voltage limiting function, voltage-clamping
devices at the beginning of the section depend on their
nonlinear impedance in conjunction with the transient source
impedance. Three types of devices have been used: reverse
selenium rectifiers, avalanche (zener) diodes and varistors
made of different materials, i.e., silicon carbide, zinc oxide,
etc.l1J

Selenium Cells - Selenium transient suppressors apply
the technology of selenium rectifiers in conjunction with a
special process allowing reverse breakdown current at
high-energy levels without damage to the polycrystalline
structure. These cells are built by developing the rectifier
elements on the surface of a metal plate substrate which
gives them good thermal mass and energy dissipation per-

formance. Some of these have self-healing characteristics
which allows the device to survive energy discharges in
excess of the rated values for a limited number of operations
characteristics that are useful, if not "legal" in the unsure
world of voltage transients.

The selenium cells, however, do not have the clamping abil-
ity of the more modern metal-oxide varistors or avalanche
diodes. Consequently, their field of application has been
considerably diminished.

Zener Diodes - Silicon rectifier technology has improved the
performance of regulator-type zener diodes in the direction
of the design of surge-suppression type avalanche diodes.
The major advantage of these diodes is their very effective
clamping, which comes closest to an ideal constant voltage
clamp. They are also available in low-voltage ratings.

Since the diode maintains the avalanche voltage across a
thin junction area during surge discharge, substantial heat is
generated in a small volume. The major limitation of this type
of device is its energy dissipation capability.

Varistors - A varistor functions as a nonlinear variable
impedance. The relationship between the current in the
device, I, and the voltage across the terminals, V is typically
described by a power law: I = kV". While more accurate and
more complete equations can be derived to reflect the phys-
ics of the device,12,3jthis definition will suffice here. A more
detailed discussion will be found in Section 3.

The term a (alpha) in the equation represents the degree of
nonlinearity of the conduction. A linear resistance has an
a = 1. The higher the value of a, the better the clamp, which
explains why a is sometimes used as a figure of merit. Quite
naturally, varistor manufacturers are constantly striving for
higher alphas.

Silicon Carbide Varistors - Until the introduction of metal-
oxide varistors, the most common type of varistor was made
from specially processed silicon carbide. This material was
very successfully applied in high-power, high-voltage surge
arresters. However, the relatively Iowa values of this mate-
rial produce one of two results. Either the protective level is
too high for a device capable of withstanding line voltage or,
for a device producing an acceptable protective level, exces-
sive standby current would be drawn at normal voltage if
directly connected across the line. Therefore, a series gap is
required to block the normal voltage.

A detailed discussion of series gap/silicon carbide block
combinations is beyond the scope of this manual, but many
references and standards on the design, testing and applica-
tion of surge arrestors are available.[4, 5J

In lower voltage electronic circuits, silicon carbide varistors
have not been widely used because of the need for using a
series gap, which increases the total cost and reproduces
some of the undesirable characteristics of gaps described
earlier. However, this varistor has been used as a
current-limiting resistor to assist some gaps in clearing
power-follow current.
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Metal-Oxide Varistors - This family of transient voltage
suppressors are made of sintered metal oxides, primarily
zinc oxide with suitable additives. These varistors have a
values considerably greater than those of silicon carbide
varistors, typically in the range of an effective value of
15 to 30 measured over several decades of surge current.
One type of varistor, the Harris Varistor, will be described in
greater detail in Section 3. For the moment, the description
will be limited to what is necessary for understanding the dis-
cussion of suppression and application in this section.

The high exponent values (a) of the metal-oxide varistors
have opened completely new fields of applications by pro-
viding a sufficiently low protective level and a low standby
current. The opportunities for applications extend from low-
power electronics to the largest utility-type surge arresters.

Because of diversity of characteristics and nonstandardized
manufacturer specifications, transient suppressors are not
easy to compare. A graph (Figure 3) shows the relative volt-
ampere characteristics of the four common devices that are
used in 120V AC circuits. A curve for a simple ohmic resistor
is included for comparison. It can be seen that as the alpha
factor increases, the curve's voltage-current slope becomes
less steep and approaches an almost constant voltage. High
alphas are desirable for clamping applications that require
operation over a wide range of currents.

It also is necessary to know the device energy-absorption
and peak-current capabilities when comparisons are made.
Table 2 includes other important parameters of commonly
used suppressors.
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Standby Power - The power consumed by the suppressor
unit at normal line voltage is an important selection criterion.
Peak standby current is one factor that determines the
standby power of a suppressor. The standby power dissipa-
tion depends also on the alpha characteristic of the device.

As an example, a selenium suppressor in Table 2 can have a
12mA peak standby current and an alpha of 8 (Figure 3).
Therefore, it has a standby power dissipation of about 0.5W
on a 120V RMS line (170V peak). A zener-diode suppressor
has standby power dissipation of less than a milliwatt. And a
silicon-carbide varistor, in a 0.75" diameter disc, has standby
power in the 200mW range. High standby power in the lower
alpha devices is necessary to achieve a reasonable clamp-
ing voltage at higher currents.
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FIGURE 4. CHANGES IN STANDBY POWER ARE CONSIDER-
ABLY GREATER WHEN THE SUPPRESSOR'S
ALPHA IS HIGH

The amount of standby power that a circuit can tolerate may
be the deciding factor in the choice of a suppressor. Though
high-alpha devices have low standby power at the nominal
design voltage, a small line-voltage rise would cause a dra-
matic increase in the standby power. Figure 4 shows that for
a zener-diode suppressor, a 10% increase above rated volt-
age increases the standby power dissipation above its rating
by a factor of 30. But for a low-alpha device, such as silicon
carbide, the standby power increases by only 1.5 times.

Typical volt-time curves of a gas discharge device are shown
in Figure 5 indicating an initial high clamping voltage. The
gas-discharge suppressor does not turn on unless the tran-
sient pulse exceeds the impulse sparkover voltage. Two rep-
resentative surge rates 1kV/~s and 20kV/~s are shown in
Figure 5. When a surge voltage is applied, the device turns
on at some point within the indicated limits. At 20kV/~s, the
discharge unit will spark over between 600V and 2500V. At
1kV/~s, it will sparkover between 390V and 1500V.

In use for the protection of AC line surges, the gas discharge
device may experience follow-current. As the voltage passes
through zero at the end of every half cycle the arc will extin-
guish, but if the electrodes are hot and the gas is ionized, it
may reignite on the next cycle. Depending on the power
source, this current may be sufficient to cause damage to
the electrodes. The follow current can be reduced by placing
a limiting resistor in series with the device, reducing its cur-
rent, but at a penalty of increased clamping voltage.

The gas discharge device is useful for high current surges
but it is not effective in protecting low voltage, low imped-
ance circuits. lt is often advantageous to provide another
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suppression device in a combination that allows the added
suppressor to protect against the high initial impulse. Sev-
eral hybrid combinations with a varistor or avalanche diode
are possible. Care in design is required to direct the initial
portion of the impulse to the solid state device and to divert
the high current of the later portion of the pulse to the gas
discharge element. Precautions must also be taken against
voltages induced in adjacent wiring by the sharp current rise
associated with the gap sparkover.

10.0 10.7 10.6 10.5 10"

SHORT-TIME SURGE RESPONSE (S)

FIGURE 5. IMPULSE BREAKOVER OF A GAS-DISCHARGE
DEVICE DEPENDS UPON THE RATE OF VOLTAGE
RISE AS WELL AS THE ABSOLUTE VOLTAGE
LEVEL

Comparison of Zener Diode and Harris
Varistor Transient Suppressors
Many circuit designers ask, "Which device is better, a zener
or varistor?" Unfortunately, there is no simple answer.

To make this point clear, different features will be covered to
aid in realizing the proper choice among the two device
types.

Peak Pulse Power

Transient suppressors have to be optimized to absorb large
amounts of power or energy in a short time duration: nano-
seconds, microseconds, or milliseconds in some rare
instances.

Electrical energy is transformed into heat and has to be dis-
tributed instantaneously throughout the device. Transient
thermal impedance is much more important than steady
state thermal impedance, as it keeps peak junction tempera-
ture to a minimum. In other words, heat should be instantly
and evenly distributed throughout the device.

The varistor meets these requirements: an extremely reli-
able device with large overload capability. Zener diodes on
the other hand, transform electrical energy into heat in the
depletion region, an extremely small area, resulting in high
peak temperature. From there the heat will flow through the
silicon and solder joint to the copper. Thermal coefficient
mismatch and large temperature differentials can result in an
unreliable device for transient suppression.

Figure 6 shows Peak Pulse Power vs Pulse width for the
V8ZA2 and the P6KE 6.8, the same devices compared for
leakage current.
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FIGURE 6. PEAK PULSE POWER VB PULSE TIME

At 1ms, the two devices are almost the same. At 211Sthe
varistor is almost 10 times better, 7kW for the P6KE 6.8
Zener vs 60kW for the varistor V8ZA2.

Clamping Voltage

Clamping voltage is an important feature of a transient sup-
pressor. Zener diode type devices have lower clamping volt-
ages than varistors. Because all protective devices are
connected in parallel with the device or syst0rn to be pro-
tected, a lower clamping voltage will apply less stress to the
device protected.

VARISTOR •..................•...-..::: -.... Z~~;R.I,..
FIGURE 7. CHARACTERISTICS OF ZENER AND VARISTOR

Speed of Response

Response times of less than 1pS are claimed for zener
diodes, but these claims are not supported by any data or
measurements. For the varistor, measurements were made
down to SOOpSwith a voltage rise time (dv/dt) of 1 million volts
per microsecond. These measurements are described in
Speed of Response and Rate Effects, Section 3 of this data
book. Another consideration is the lead effect. Detailed infor-
mation on the lead effect can be found further in this section
and in Section 7. In summary, both devices are fast enough to
respond to any practical requirements, including N-EMP type
transients.

Leakage Currents

Leakage current and sharpness of the knee are two other
areas of misconception about the varistor and zener diode
devices. Figure 8 shows a P6KE 6.8 and a V8ZA2, both rec-
ommended by their manufacturers for protection of inte-
grated circuits having SV supply voltages.



The zener diode leakage is about 100 times higher at 5V
than the varistor, 200~A vs less than 2~A.
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FIGURE 8. CHARACTERISTIC OF ZENER P6KE 6.8 (ON LEFT)
vs HARRIS VARISTOR V8ZA2 (ON RIGHT)

For a leakage current comparison, 25 zener diode devices
were measured at 25°C. Only 1 device measured 30~A. The
rest were 150~A and more. At elevated temperatures, the
comparison is even more favorable to the varistor. The zener
diode is specified at 1000~A at 5.5V.

The leakage current of a zener can be reduced by specifying
a higher voltage device which would have a lower leakage
current, but the price is a higher clamping voltage and the
advantage of the zener disappears.

"Aging"

Aging is actually a misnomer; it has been stated that a varis-
tor's V-I characteristic changes every time energy is
absorbed. That is not the case!
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FIGURE 9. 250A PULSE WITHSTAND CAPABILITIES

As illustrated in Figure 9, the V-I characteristic initially
changed on some of the devices, but returned to within a few
percent of its original value after applying a second or third
pulse. To be conservative, peak pulse limits have been
established on data sheets. In many cases, these limits have
been exceeded many fold without harm to the device. This
does not mean that established limits should be exceeded,

but rather, viewed in perspective of the definition of a failed
device. A '1ailed" device shows a ±10% change of the V-I
characteristic at the 1mA point. Zener diodes, on the other
hand, fail suddenly at predictable power and energy levels.
See Figure 6.

This, along with its superior peak pulse power capability,
makes the varistor the device of choice in many applications.

Failure Mode

Varistors subjected to energy levels beyond specified ratings
may be damaged. Varistors fail in the short circuit mode.
Subjected to high enough energy, however, they may physi-
cally rupture or explode, resulting in an open circuit condi-
tion. These types of failures are quite rare for properly
selected devices because of the large peak pulse capabili-
ties inherent in varistors.

Zeners, on the other hand, can fail either short or open. If the
die is connected by a wire, it can act as a fuse, disconnect-
ing the device and resulting in an Open circuit. Designers
must analyze which failure mode, open or short, is preferred
for their circuits.

When a device fails during a transient, a short is preferred,
as it will provide a current path bypassing and will continue
to protect the sensitive components. On the other hand, if a
device fails open during a transient, the remaining energy
ends up in the sensitive components that were supposed to
be protected. If the energy was already dissipated, the circuit
will now operate without a suppressor and the nex1transient,
or the next few transients, will finish the job.

These are just some of the points to be considered when
comparing and using transient suppressors.

Another consideration is a hybrid approach, making use of
the best features of both types of transient suppressors (See
Figure 10).

R

INPUTn

VARISTOR = = ZENER

L

INPUT IT
VARISTOR = = ZENER

FIGURE 10. HYBRID PROTECTION USING VARISTORS,
ZENERS, RAND L

Capacitance

Depending on the application, transient suppressor
capacitance can be a very desirable or undesirable feature.
Varistors in comparison to zener diodes have a higher
capacitance. In DC circuits capacitance is desirable, the
larger the better. Decoupling capacitors are used on IC
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supply voltage pins and can in many cases be replaced by
varistors, providing both the decoupling and transient
voltage clamping functions.

The same is true for filter connectors where the varistor can
perform the dual functions of providing both filtering and
transient suppression.

There are circuits however, where capacitance is less desir-
able, such as high frequency digital or some analog circuits.

As a rule the source impedance of the signal and the
frequency as well as the capacitance of the transient
suppressor should be considered.

The current through Cp is a function of dv/dt and the
distortion is a function of the signal's source impedance.
Each case must be evaluated individually to determine the
maximum allowable capacitance.

The structural characteristics of metal-oxide varistors
unavoidably result in an appreciable capacitance between
the device terminals, depending on area, thickness and
material processing. For the majority of power applications,
this capacitance is not significant. In high-frequency applica-
tions, however, the effect must be taken into consideration in
the overall system design.

To consider protective devices while a system is being
designed and to follow with proof tests should be axiomatic,
but historical evidence makes it apparent that this is not so.
Thus, retrofit of transient suppressors is common practice.
Actually, one can view this retrofit as part of the trade-off pro-
cess, with iterative corrections in a calculated risk approach.
It may be justifiable to attempt applying some device with
minimal protection in the harsh outside world, and later,
when found necessary, to take corrective action. Hence, ret-
rofit should then be the result of informed choice, not an
unforeseen need for correction. Even here, some form of
proof testing will be required to ascertain that the retrofit will
do the job.(9)

The nature of the transient environment comes under exam-
ination when a retrofit must be applied. There is some fac-
tual knowledge on the subject, discussed in Section 1, but
there are also many tentative "generalizations· that require
confirmation. Test standards and specifications, then,
become useful guides to the extent that they are not applied
or enforced blindly.IS)

Some test specifications emphasize voltage tests. This is
natural because historically, electrical equipment had
dielectric failures as the major consequence of overvoltages.
One can, therefore, specify some voltage test wave that the
equipment must withstand without breakdown. However,
with the inclusion of a protective device within the
equipment, a simple voltage test is no longer meaningful.
What is needed is the two-step approach discussed below,
where the voltage allowed by the protector is determined
first, then the effects on the downstream components
determined. Coordination is the key concept.

One point to remember when specifying or performing a test
is the difference between a voltage and a current test.

In testing a device for voltage withstand capability, proper
recognition must be given to the impedance of the device
being tested and to whether or not it already contains a tran-
sient suppressor. First, one specifies the test circuit which
will exercise the suppressor: open circuit voltage, (amplitude
and duration) and source impedance. This determines the
clamp voltage that will be developed across the shunt-con-
nected suppressor (Figure 11). Second, one designs the
protected circuit for this clamp voltage allowing adequate
margins. After the design, this two-step approach can also
be applied for demonstrating that withstand capability has
been achieved.

V ACROSSPROTECTED
LOAD

Section 7 provides detailed information on varistor testing,
both for evaluating varistor characteristics and for conduct-
ing realistic proof tests.

• Radial Varistors
• High Energy Varistors
• Square Varistors
• Connector Pin Varistors
• Surface Mount CH Series
• Surface Mount Multilayer Series

• RA Series Low Profile Varistors



The "C' III Series (Figure 12) is an expanded version of the
LA series of metal-oxide varistors, and consists of AC line
voltage rated MOVs with extremely high current and energy
handling capabilities. This new "C' III series of MOVs were
primarily designed for the transient voltage surge suppressor
(TVSS) environment. They provide the increased level of
protection now deemed to be necessary for the transients
expected in this environment.

This new expanded version of the Harris 14mm and 20mm
LA series of metal oxide varistors is also available with
10mm lead spacing, in tape and reel and in a variety of dis-
tinctive crimped and trimmed offerings.

The HA Series

FIGURE 13.

The HA Series (Figure 13) is an innovation in varistor pack-
aging technology. This new format gives a very high energy/
current handling capability in a cost effective package.

They are designed to provide secondary surge protection in
the outdoor and service entrance environment (distribution
panels), in computers, and also in industrial applications for
motor controls and power supplies used in the oil-drilling,
mining, and transportation fields.

The HA series of industrial varistors have similar package
construction but differ in size, (32 and 40mm), ratings and
characteristics. The design of the HA series of metal oxide
varistors provide rigid terminals to ensure secure mounting.
See HA Series data sheet in Section 4 for specifications.

The NA Series

FIGURE 14.

The NA Series (Figure 14) are industrial high energy square
varistors intended for special applications requiring unique
contact or packaging considerations. The electrode finish
of these devices is solderable and can also be used as
pressure contacts for stacking applications.

The NA series industrial square varistor is available as a
34mm device, with thicknesses ranging from 1.8mm
minimum for the 130V device to 8.3mm maximum for the
750V device.

The Connector Pin Varistor for Transient Voltage Protec-
tion in Connectors

The Connector Pin Varistor represents an entirely new
approach to transient suppression, forming the active mate-
rial into a shape which requires no leads or package. The
idea was developed many years ago, but only recently have
breakthroughs in the manufacturing process allowed cost
effective production of such devices.

PASSIVATION."'~"~~-

FIGURE 15. TUBULAR VARISTOR (CONNECTOR PIN VARIS-
TOR) CP AND CS SERIES

When assembled into a standard connector, adding no
space or appreciable weight, they allow effective space sav-
ing transient suppression. Connector Pin Varistors (CPV's)
are available in a wide range of voltage ratings with mechan-
ical dimensions allowing them to be used with 22, 20, or 16
gauge connector pins.

The electrical characteristics are similar to those of tradi-
tional varistors and are described in detail on the pulse rat-
ing curves of the CP and CS series data sheets.

Although electrically similar, there are some important differ-
ences in performance between CPV's and leaded varistors
such as speed of response.

Tests made on lead mounted devices, even with careful
attention to minimize lead length, show that the voltage
induced through lead inductance contributes substantially to
the voltage appearing across the varistor terminals. These
undesirable induced voltages are proportional to lead induc-
tance and di/dt and can be positive or negative.

di
e = dt xL Vc = CLAMPING VOLTAGE

...- e --+ •.••vC ~

OmZw«...I
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FIGURE 18. EXPONENTIAL PULSE APPLIED TO A PIN-VARIS-
TOR (SVIDIV., SOnsIDIV.)

Figure 17 shows the positive and negative part of the
induced voltage, resulting from a pulse with a rise time of
4ns to a peak current of 2.5A.

When the above measurement is repeated w~h a leadless
varistor, such as the Connector Pin Varistor, its unique coax-
ial mounting allows it to become part of the transmission
line. This completely eliminates inductive lead effect.

TABLE 3. INDUCED VOLTAGE IN liNCH LEADS. PEAK CUR-
RENT lOA, AT DIFFERENT CURRENT RISE TIME

RISE TIME L e

1 x 10.6 11'S 10A 15nH 150 x 10.3

1 x 10.9 1ns 10A 15nH 150

1 x 10.12 1ps 10A 15nH 150 x 10+3

1 x 10.18 1Is 10A 15nH 150 x 10+6

Pursuing the inductive lead effect further; calculation of the
induced voltage as a direct result of lead effect for different
current rise times provides a better understanding of the di/dt
value at which the lead effects become significant.

Assuming a current pulse of lOA, 1 inch of lead wire (which
translates into approximately 15nH) and rise times ranging
from microseconds to femtoseconds, Table 3 is obtained.

Figure 19 illustrates the lead effect even more dramatically
for fast rising pulses ranging in rise time from milliseconds to
femtoseconds.

MODEL
10,000,000

15,ooO,OooV
L .••••..lrrY'n.. L
2 •••••. 2

150'OOO'V~

e=-m-xL
w
~ 100,000
!:i
g 10,OOO~15,OOOV~'
o

> ~ 1,000
:::>o~

15V
1.5V

10.13 10.11 10'·
PICO NAND
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A short lead length is important when fast rising pulses
(below 1Ons) must be suppressed. This and other factors led
Harris to the development of new varistor form factors like
the Pin Varistor.

Figure 20 shows the clamping voltage of a Pin Varistor
installed in a connector. The result of a 1000V pulse, lOA
amplitude, lOOns duration with 5ns rise time results in a
clamping voltage of 29V. The 29V includes the overshoot,
dropping at the end of the pulse to 22V, resulting in an aver-
age clamping voltage of 25V. For more detailed information
on the Connector Pin Varistor see the application note in
Section 12.
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Surface Mount Varistors

Electronics manufacturers are tuming to surface-mount
technology to lower costs, increase reliability, and reduce the
size and weight of their products. As a consequence, sys-
tems designers are looking for surface-mount solutions to
the problem of transient voltage protection.

The increased circuit densities now possible with surface-
mount systems have also increased the susceptibility of
these tightly-clustered semiconductors to damage or upset
by voltage transients. Thus, surface-mount technology
demands a reliable transient voltage protection technology,
packaged compatibly with other forms of surface-mount
semiconductors.

Harris has introduced a series of surface-mount varistors for
a wide range of applications. These varistors have signifi-
cantly lower profiles than traditional radial leaded varistors
(Figure 22), and are compatible with most surface-mounting
assembly equipment.

CH Features

• Available in Voltage Ratings 14VDC to 369VDC

• 5mm x 8mm Size
• U.L. Approved
• 125°C Maximum Operating Temperature
MUltilayer Surface Mount Suppressors

The ML Series of surge suppressors utilize Harris Multilayer
technology. This fabrication technique permits significant
energy handling capability in a very small footprint. Industry
standard sizes of "0805", "1206", and "1210" are offered
with working voltages of 3.5V to 68VDC. The ML series is
ideally suited for on-board protection of transistors and
integrated circuits from transient surges, including ESD.
Larger surface mount zener diodes may also be replaced by
this series. Additionally, the "0805" size is offered in two
capacitance/energy versions, providing more options for the
circuit designer.

A special multilayer version, characterized for automotive
applications, is available as the AUML Series in standard
"1210", "1812", and "2220" sizes. The AUML series is rated
up to 25 Joules for "load dump" transients per SAE specifi-
cation Jll13. And, like the ML Series, operates without der-
ating from -55°C to +125°C.

FIGURE 23.

The RA Series Low Profile Varistor

The RA Series (Figure 23) is an innovation in varistor pack-
aging which has a lower profile than traditional radial varis-
tors. Its precise seating plane increases mechanical stability
for secure circuit board mounting a feature that makes the
design well suited to high-Vibration applications.

Other applications of the RA Series varistor include automo-
tive, motor control, test equipment, computer, consumer
electronics, telecommunications, and military markets.

RA Series varistors can be operated at +1250C, the result of
advances in materials technology. They are available in volt-
age and energy ratings up to 275V (RMS). 140J. Available
on tape and reel for auto-insertion, they feature in-line leads
for easier automatic placement. See RA Series data sheet
for specifications.

CenZw<..J
enD.w-oO_Z>-wa:cD.



Concept in Station Arrester Design," IEEE Trans. PAS-
96, No.2, March-April 1977, pp. 647·656.

[2] Philipp, H.R. and L.M. Levinson, "Low Temperature
Electrical Studies in Metal Oxide Varistors - A Clue to
Conduction Mechanisms," Journal of Applied Physics,
Vol. 48, April 1977, pp. 1621-1627.

[3] Philipp, H.R. and L.M. Levinson, "Zinc Oxide for Tran-
sient Suppression," IEEE Trans. PHP, December 1977.

[4] "Surge Arresters for Alternating Current Power Circuits,"
ANSI Standard C62.1, IEEE Standard 28.

[5] "Lightning Arresters. Part I: Nonlinear Resistor Type
Arresters for AC Systems," IEC Recommendation
99-1,1970.

[6] Matsuoka, M., T. Masuyama and Y. lida, "Supplemen-
tary Journal of Japanese Society of Applied Physics,"
Vol. 39,1970, pp. 94-101.

[7] Harnden, J.D., F.D. Martzloff, WG. Morris and F.B.
Golden, "Metal-Oxide Varistor: A New Way to Suppress
Transients," Electronics, October 2,1972.

[8] Martzloff, F.D., "The Development of a Guide on Surge
Voltages in Low - Voltage AC Power Circuits," Report
81CRD047, General Electric, Schenectady, New York,
1981.

[9] Martzloff, F.D., "Varistor versus Environment: Winning
the Rematch," Report 85CRD037, General Electric,
Schenectady, New York, May 1985.



3
HARRIS VARISTORS - BASIC PROPERTIES,

TERMINOLOGY AND THEORY

What Is A Harris Varistor? ..............................................•...........................

Physical Properties ..........................................•....................................

Varistor Construction .................•...•..........•...•....•....•...........................•...

Electrical Characterization .

Varistor Terminology ..........................................................•...................

References ...........•....................................•....•........•...•...•...............

PAGE

3-3

3-3 ui~wO
3-3 i=!l:!
3-5 !fit-e.. •

0::
3-6 a: a:
3-11

e..~

3-13





Harris Varistors - Basic Properties,
Terminology and Theory

Varistors are voltage dependent, nonlinear devices which
have an electrical behavior similar to back-to-back zener
diodes. The symmetrical, sharp breakdown characteristics
shown in Figure 1 enable the varistor to provide excellent
transient suppression performance. When exposed to high
voltage transients the varistor impedance changes many
orders of magnitude from a near open circuit to a highly con-
ductive level, thus clamping the transient voltage to a safe
level. The potentially destructive energy of the incoming
transient pulse is absorbed by the varistor, thereby protect-
ing vulnerable circuit components.

r ,

L oJ

The varistor is composed primarily of zinc oxide with small
additions of bismuth, cobalt, manganese and other metal
oxides. The structure of the body consists of a matrix of con-
ductive zinc oxide grains separated by grain boundaries pro-
viding P-N junction semiconductor characteristics. These
boundaries are responsible for blocking conduction at low
voltages and are the source of the nonlinear electrical con-
duction at higher voltages.

Since electrical conduction occurs, in effect, between zinc
oxide grains distributed throughout the bulk of the device, the
Harris Varistor is inherently more rugged than its single P-N
junction counterparts, such as zener diodes. In the varistor,
energy is absorbed un~ormly throughout the body of the
device with the resultant heating spread evenly through its
volume. Electrical properties are controlled mainly by the
physical dimensions of the varistor body which is sintered in
various form factors such as discs, chips and tubes. The
energy rating is determined by volume, voltage rating by thick-
ness or current flow path length, and current capability by
area measured normal to the direction of current flow.

Harris Varistors are available with AC operating voltages from
2.5V to 6000V. Higher voltages are limited only by packaging
ability. Peak current handling exceeds 70,OOOAand energy

capability extends beyond 10,OOOJfor the larger units. Pack-
age styles include the tiny multilayer surface mount suppres-
sors, tubular devices for use in connectors, and progress in
size up to the rugged industrial device line.

Physical Properties
Introduction

An attractive property of the metal oxide varistor, fabricated
from zinc oxide (ZnO), is that the electrical characteristics
are related to the bulk of the device. Each ZnO grain of the
ceramic acts as if it has a semiconductor junction at the
grain boundary. A cross-section of the material is shown in
Figure 2, which illustrates the ceramic microstructure. The
ZnO grain boundaries can be clearly observed. Since the
nonlinear electrical behavior occurs at the boundary of each
semiconducting ZnO grain, the varistor can be considered a
"multi-junction" device composed of many series and parallel
connections of grain boundaries. Device behavior may be
analyzed with respect to the details of the ceramic micro-
structure. Mean grain size and grain size distribution playa
major role in electrical behavior.

Varistor Microstructure

Varistors are fabricated by forming and sintering zinc oxide-
based powders into ceramic parts. These parts are then
electroded with either thick film silver or arc/flame sprayed
metal. The bulk of the varistor between contacts is com-
prised of ZnO grains of an average size "d" as shown in the
schematic model of Figure 3. Resistivity of the ZnO is
<O.3Q-cm.
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Designing a varistor for a given nominal varistor voltage, VN,

is basically a matter of selecting the device thickness such
that the appropriate number of grains, n, are in series
between electrodes. In practice, the varistor material is char-
acterized by a voltage gradient measured across its thickness
by a specific voltslmm value. By controlling composition and
manufacturing conditions the gradient remains fixed. Because
there are practical limits to the range of thicknesses achiev-
able, more than one voltage gradient value is desired. By
altering the composition of the metal oxide additives it is pos-
sible to change the grain size "dOand achieve the desired
result.

A fundamental property of the ZnO varistor is that the volt-
age drop across a single interface "junction" between grains
is nearly constant. Observations over a range of composi-
tional variations and processing conditions show a fixed volt-
age drop of about 2V-3V per grain boundary junction. Also,
the voltage drop does not vary for grains of different sizes.

It follows, then, that the varistor voltage will be determined
by the thickness of the material and the size of the ZnO
grains. The relationship can be stated very simply as follows:

VARISTOR AVERAGE DEVICE
VOLTAGE GRAINSIZE GRADIENT THICKNESS

VlmmAT
VOLTS MICRONS n ImA mm

150VRMS 20 75 150 1.5

25VRMS 80 (Note) 12 39 1.0

NOTE: Lowvoltageformulation.

Theory of Operation

Because of the polycrystalline nature of metal-oxide semicon-
ductor varistors, the physical operation of the device is more
complex than that of conventional semiconductors. Intensive
measurement has determined many of the device's electrical
characteristics, and much effort continues to better define the
varistor's operation. In this section we will discuss some theo-
ries of operation, but from the user's viewpoint this is not
nearly as important as understanding the basic electrical
properties as they relate to device construction.

The key to explaining metal-oxide varistor operation lies in
understanding the electronic phenomena occurring near the
grain boundaries, or junctions between the zinc oxide grains.
While some of the early theory supposed that electronic tun-
neling occurred through an insulating second phase layer at
the grain boundaries, varistor operation is probably better
described by a series-parallel arrangement of semiconduct-
ing diodes. In this model, the grain boundaries contain
defect states which trap free electrons from the n-type semi-
conducting zinc oxide grains, thus forming a space charge
depletion layer in the ZnO grains in the region adjacent to
the grain boundaries.16]

Evidence for depletion layers in the varistor is shown in
Figure 4 where the inverse of the capacitance per boundary
squared is plotted against the applied voltage per bound-
ary.(7)This is the same type of behavior observed for semi-
conductor abrupt P-N junction diodes. The relationship is:

1 2(Vb+V)C2=~
VaristorVoltage,VN(DC) (3V)n

(1014)

Where, n averagenumberof
grainboundariesbe-
tweenelectrodes 4

1
and,varistorthickness, D (n + 1)d c2n2/cm4

VNxd
-3- 3

where, d averagegrainsize

The varistor voltage, VN, is defined as the voltage across a
varistor at the point on its V-I characteristic where the
transition is complete from the low-level linear region to the
highly nonlinear region. For standard measurement purposes,
it is arbitrarily defined as the voltage at a current of 1mA.

Some typical values of dimensions for Harris varistors are
given in Table 1.

-
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FIGURE4. CAPACITANCE-VOLTAGEBEHAVIOROFVARISTOR
RESEMBLESA SEMICONDUCTORABRUPT-JUNC-
TIONREVERSEDBIASEDDIODENd -2x 1017/cm3



Where Vb is the barrier voltage, V the applied voltage, q the
electron charge, ES the semiconductor permittivity and N is
the carrier concentration. From this relationship the ZnO car-
rier concentration, N, was determined to be about 2 x 1017

per cm3.f7JIn addition, the width of the depletion layer was
calculated to be about 1000 Angstrom units. Single junction
studies also support the diode model.[9]

It is these depletion layers that block the free flow of carriers
and are responsible for the low voltage insulating behavior in
the leakage region as depicted in Figure 5. The leakage
current is due to the free flow of carriers across the field
lowered barrier, and is thermally activated, at least above
about 25°C.

FIGURE 5. ENERGY BAND DIAGRAM OF A ZnO-GRAIN-
BOUNDARY-ZnO JUNCTION

Figure 5 shows an ener%y band diagram for a ZnO-grain
boundary-ZnO junction.[1 I The left-hand grain is forward
biased, VL, and the right side is reverse biased to VR. The
depletion layer widths are XL and XR, and the respective
barrier heights are <PLand <PR'The zero biased barrier height
is <Po.As the voltage bias is increased, <PLis decreased and
<PRis increased, leading to a lowering of the barrier and an
increase in conduction.

The barrier height <PLof a low voltage varistor was measured
as a function of applied voltage!11], and is presented in
Figure 6. The rapid decrease in the barrier at high voltage
represents the onset of nonlinear conduction.112]

Transport mechanisms in the nonlinear region are very com-
plicated and are still the subject of active research. Most the-
ories draw their inspiration from semiconductor transport
theory and the reader is referred to the literature for more
information.13,5, 13,14,15J
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FIGURE 6. THERMAL BARRIER AS A FUNCTION OF APPLIED
VOLTAGE

Turning now to the high current upturn region in Figure 10, we
see that the V-I behavior approaches an ohmic characteristic.
The limiting resistance value depends upon the electrical con-
ductivity of the body of the semiconducting ZnO ~rains, which
have carrier concentrations in the range of 101 to 1018 per
cm3. This would put the ZnO resistivity below 0.3Qcm.

The process of fabricating a Harris Varistor is illustrated in the
flow chart of Figure 7. The starting material may differ in the
composition of the additive oxides, in order to cover the volt-
age range of product.

ADDITIVE OXIDES
(MAINLY BL203)

~



Device characteristics are determined at the pressing opera-
tion. The powder is pressed into a form of predetermined
thickness in order to obtain a desired value of nominal volt-
age. To obtain the desired ratings of peak current and
energy capability, the electrode area and mass of the device
are varied. The range of diameters obtainable in disc prod-
uct offerings is listed here:

Of course, other shapes, such as rectangles, are also possi-
ble by simply changing the press dies. Other ceramic fabri-
cation techniques can be used to make different shapes. For
example, rods or tubes are made by extruding and cutting to
length. After forming, the green (i.e. unfired) parts are placed
in a kiln and sintered at peak temperatures in excess of
1200oC. The bismuth oxide is molten above 8250C, assist-
ing in the initial densification of the polycrystalline ceramic.
At higher temperatures, grain growth occurs, forming a
structure with controlled grain size.

Electroding is accomplished, for radial and chip devices, by
means of thick film silver fired onto the ceramic surface.
Wire leads or strap terminals are then soldered in place. A
conductive epoxy is used for connecting leads to the axial
3mm discs. For the larger industrial devices (40mm and
60mm diameter discs) the contact material is arc sprayed
aluminum, with an overspray of copper if necessary to give a
solderable surface.

Many encapsulation techniques are used in the assembly of
the various Harris Varistor packages. Most radials and some
industrial devices (HA Series) are epoxy coated in a f1uidised
bed, whereas epoxy is "spun" onto the axial device. Radials
are also available with phenolic coatings applied using a wet
process. The PA series package consists of plastic molded
around a 20mm disc subassembly. The RA, DA, and DB
series devices are all similar in that they all are composed of
discs or chips, with tabs or leads, encased in a molded plas-
tic shell filled with epoxy. Different package styles allow vari-
ation in energy ratings, as well as in mechanical mounting.
Figures 8 and 9 illustrate several package forms.

Figure 9 shows construction details of some packages.
Dimensions of the ceramic, by package type, are given in
Table 2.

PACKAGE
TYPE SERIES CERAMICDIMENSIONS

DirectSur- CH,AUML,ML 5mmx 8mmChip,0805,
faceMount Series 1206,1210,1812, 2220

Connector CP,CS Series 22, 20, 16 IDGaugeTube
Pin

AxialLeaded MASeries 3mm DiameterDisc

Radial lA, LA,"C"III 5mm,7mm, 10mm,14mm,
Leaded Series 20mmDiameterDiscs

PACKAGE
TYPE SERIES CERAMICDIMENSIONS

Radial RA Series 5mmx 8mm,1Ommx 16mm,
LeadedLow 14x 22 Chips
Profile

Power PA Series 20mmDiameterDisc

Industrial HA Series 32mm,40mmDiameterDisc
Packages DA, DBSeries 40mmDiameterDisc

BA, BB Series 60mmDiameterDisc

Industrial CA, NA Series 32mm,40, 60mmDiameter
Discs Discs

34mmSquare

Arrester AS Series 32mm,42mm, 60mm
DiameterDiscs

Varistor electrical characteristics are conveniently displayed
using log-log format in order to show the wide range of the V-I
curve. The log format also is clearer than a linear
representation which tends to exaggerate the nonlinearity in
proportion to the current scale chosen. A typical V-I
characteristic curve is shown in Figure 10. This plot shows a
wider range of current than is normally provided on varistor
data sheets in order to illustrate three distinct regions of
electrical operation.

~EAKAGE --I- NORMAL VARISTOR ---lUPTURN
REGION I OPERATION IREGI~

1000

10" 10-2 10°
CURRENT (A)

FIGURE10. TYPICALYARISTORY-I CURYEPLOTTEDON
LOG-LOGSCALE

Equivalent Circuit Model

An electrical model for the varistor can be represented by
the simplified equivalent circuit of Figure 11.
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FIGURE 11. VARISTOR EQUIVALENT CIRCUIT MODEL

Leakage Region of Operation

At low current levels, the V-I Curve approaches a linear
(ohmic) relationship and shows a significant temperature
dependence. The varistor is in a high resistance mode
(approaching 109Q) and appears as an open circuit. The
nonlinear resistance component, Rx, can be ignored
because ROFF in parallel will predominate. Also, RON will be
insignificant compared to ROFF'

For a given varistor device, capacitance remains approxi-
mately constant over a wide range of voltage and frequency
in the leakage region. The value of capacitance drops only
slightly as voltage is applied to the varistor. As the voltage
approaches the nominal varistor voltage, the capacitance
abruptly decreases. Capacitance remains nearly constant
with frequency change up to 100kHz. Similarly, the change
with temperature is small, the 25°C value of capacitance
being well within ±10% from -40°C to +125°C.

The temperature effect of the V-I characteristic curve in the
leakage region is shown in Figure 13. A distinct temperature
dependence is noted.

10.7 10" 10" 10"
V~R~lORCURRENT(~Dcl

The relation between the leakage current, I, and tempera-
ture, T, is:

1= 10 E

where: 10 = constant
k = Boltzmann'sConstant
VB = a.geV

The temperature variation, in effect, corresponds to a
change in ROFF' However, ROFF remains at a high resis-
tance value even at elevated temperatures. For example, it
is still in the range of 10MQ to 100MQ at 125°C.

Although ROFF is a high resistance it varies with frequency.
The relationship is approximately linear with inverse fre-
quency.

1
ROFF - f
However, the parallel combination of ROFF and C is predom-
inantly capacitive at any frequency of interest. This is
because the capacitive reactance also varies approximately
linearly with 1/f.

At higher currents, at and above the milliamp range, tempera-
ture variation becomes minimal. The plot of the temperature
coefficient (DV/DT) is given in Figure 14. It should be noted
that the temperature coefficient is negative and decreases as
current rises. In the clamping voltage range of the varistor
(I> 1A), the temperature dependency approaches zero.
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FIGURE 14. RELATION OF TEMPERATURE COEFFICIENT

DVIDT TO VARISTOR CURRENT

Normal Varistor Region of Operation

The varistor characteristic follows the equation I = kVa,
where k is a constant and the exponent a defines the degree
of nonlinearity. Alpha is a figure of merit and can be deter-
mined from the slope of the V-I curve or calculated from the
formula:

log (12/11)

log (V2/V,)



In this region the varistor is conducting and Rx will predomi- Upturn Region of Operation
nate over C, RON and ROFF . Rx becomes many orders of

At high currents, approaching the maximum rating, the varis-
magnitude less than ROFF but remains larger than RON'

tor approximates a short-circuit. The curve departs from the

f,· nonlinear relation and approaches the value of the material
bulk resistance, about 10-100. The upturn takes place as
Rx approaches the value of RON' Resistor RON represents
the bulk resistance of the zinc oxide grains. This resistance
is linear (which appears as a steeper slope on the log plot)
and occurs at currents 50A to 50,000A, depending on the

FIGURE 15. EQUIVALENT CIRCUIT AT VARISTOR CONDUC· varistor size.
TION

f~·During conduction the varistor voltage remains redatively
constant for a change in current of several orders of magni-
tude. In effect, the device resistance, Rx' is changing in
response to current. This can be observed by examining the
static or dynamic resistance as a function of current. The
static resistance is defined by: FIGURE 17. EQUIVALENT CIRCUIT AT VARISTOR UPTURN

V Speed of Response and Rate EffectsRx; T

and the dynamic resistance by: The varistor action depends on a conduction mechanism sim-

dv ilar to that of other semiconductor devices. For this reason,
Zx ; err ; Vial; Rxla conduction occurs very rapidly, with no apparent time lag -

even into the nanosecond range. Figure 18 shows a compos-
Plots of typical resistance values vs current, I, are given in ite photograph of two voltage traces with and without a varis-
Figure 16. tor inserted in a very low inductance inpulse generator. The

500 second trace (which is not synchronized with the first, but
merely superimposed on the oscilloscope screen) shows that

5' 100
••... the voltage clamping effect of the varistor occurs in less than

0 50
...••..

one nanosecond.>
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ffi~ ••.•.... tor; therefore, the test circuit for Figure 18 required insertion
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the currents which can be delivered by a transient source
are invariably slower in rise time than the observed voltage
transients. The applications most frequently encountered for
varistors involve current rise times longer than 0.5~s.

Voltage rate-of-rise is not the best term to use when
discussing the response of a varistor to a fast impulse
(unlike spark gaps where a finite time is involved in switching
from non-conducting to conducting state). The response
time of the varistor to the transient current that a circuit can
deliver is the appropriate characteristic to consider.

The V-I characteristic of Figure 19A shows how the
response of the varistor is affected by the current waveform.
From such data, an 'overshoor effect can be defined as
being the relative increase in the maximum voltage
appearing across the varistor during a fast current rise, using
the conventional 8/20~s current wave as the reference.
Figure 198 shows typical clamping voltage variation with
rise time for various current levels.

Varistor Terminology
The following tabulation defines the terminology used in
varistor specifications. Existing standards have been
followed wherever possible.

Definitions (IEEE Standard C62.33, 1982)

A characteristic is an inherent and measurable property of a
device. Such a property may be electrical, mechanical, or
thermal, and can be expressed as a value for stated
conditions.

A rating is a value which establishes either a limiting
capability or a limiting condition (either maximum or
minimum) for operation of a device. It is determined for
specified values of environment and operation. The ratings
indicate a level of stress which may be applied to the device
without causing degradation or failure. Varistor symbols are
defined on the linear V-I graph illustrated in Figure 20.
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TERMS AND DESCRIPTIONS SYMBOL

Clamping Voltage. Peak voltage across the varistor measured under conditions of a specified peak VC pulse current Vc
and specified waveform. NOTE: Peak voltage and peak currents are not necessarily coincidental in time.

Rated Peak Single Pulse Transient Currents (Varistor). Maximum peak current which may be applied for a single
'
TM

8/20~s impulse, with rated line voltage also applied, without causing device failure.

Lifetime Rated Pulse Currents (Varistor). Derated values of 'TM for impulse durations exceeding that of an 8/20~s -
waveshape, and for multiple pulses which may be applied over device rated lifetime.

Rated RMS Voltage (Varistor). Maximum continuous sinusoidal RMS voltage which may be applied. VM(Ael

Rated DC Voltage (Varistor). Maximum continuous DC voltage which may be applied. VM(DC)

DC Standby Current (Varistor). Varistor current measured at rated voltage, VM(DC)'
'
D

For certain applications, some of the following terms may be useful.

Nominal Varistor Voltage. Voltage across the varistor measured at a specified pulsed DC current, 'N(DC)' of specific VN(DC)
duration. 'N(DC)of specific duration. 'N(DC)is specified by the varistor manufacturer.

Peak Nominal Varistor Voltage. Voltage across the varistor measured at a specified peak AC current, 'N(AC)'of specific VN(AC)
duration. 'N(AC)is specified by the varistor manufacturer.

Rated Recurrent Peak Voltage (Varistor). Maximum recurrent peak voltage which may be applied for a specified duty VpM
cycle and waveform.

Rated Single Pulse Transient Energy (Varistor). Energy which may be dissipated for a single impulse of maximum WTM
rated current at a specified waveshape, with rated RMS voltage or rated DC voltage also applied, without causing device
failure.

Rated Transient Average Power Dissipation (Varistor). Maximum average power which may be dissipated due to a PT(AV)M
group of pulses occurring within a specified isolated time period, without causing device failure.

Varistor Voltage. Voltage across the varistor measured at a given current, Ix. Vx

Voltage Clamping Ratio (Varistor). A figure of merit measure of the varistor clamping effectiveness as defined by the
symbols VcNM(AC)' VcNM(DC)' Vc

VpM

Nonlinear Exponent. A measure of varistor nonlinearity between two given operating currents, 11and '2, as described a
by I = kya where k is a device constant, 11 ,; I ,; '2, and

logl2/11

a12 = logV
2

/V1

Dynamic Impedance (Varistor). A measure of small signal impedance at a given operating point as defined by: Zx
dVx

Zx=- dlx

Resistance (Varistor). Static resistance of the varistor at a given operating point as defined by: Rx
Vx

Rx =-
'x

Capacitance (Varistor). Capacitance between the two terminals of the varistor measured at C specified frequency and C
bias.

AC Standby Power (Varistor). Varistor AC power dissipation measured at rated rms voltage VM(AC)' PD

Voltage Overshoot (Varistor). The excess voltage above the clamping voltage of the device for a given current that Vos
occurs when current waves of less than 8~s virtual front duration are applied. This value may be expressed as a % of
the clamping voltage (Vel for an 8/20 current wave.

Response Time (Varistor). The time between the point at which the wave exceeds the clamping voltage level (Vel and
the peak of the voltage overshoot. For the purpose of this definition, clamping voltage as defined with an 8/20~s current
waveform of the same peak current amplitude as the waveform used for this response time.

Overshoot Duration (Varistor). The time between the point voltage level (Vel and the point at which the voltage over-
shoot has decayed to 50% of its peak. For the purpose of this definition, clamping voltage is defined with an 8/20~s cur-
rent waveform of the same peak current amplitude as the waveform used for this overshoot duration.



Test Waveform

At high current and energy levels, varistor characteristics are
measured, of necessity, with an impulse waveform. Shown
in Figure 21 is the ANSI Standard C62.1 waveshape, an
exponentially decaying waveform representative of lightning
surges and the discharge of stored energy in reactive
circuits.

The 8/2011S current wave (811Srise and 2011Sto 50% decay
of peak value) is used as a standard, based on industry
practices, for the characteristics and ratings described. One
exception is the energy rating (WTM), where a longer
waveform of 10/1 OOOllSis used. This condition is more
representative of the high energy surges usually
experienced from inductive discharge of motors and
transformers. Varistors are rated for a maximum pulse
energy surge that results in a varistor voltage (VN) shift of
less than ±10% from initial value.
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Harris Varistors represent the sate-of-the-art in metal-oxide
varistor technology, offering high energy capabilities and
excellent voltage clamping characteristics.

Harris Varistors are voltage dependent, symmetrical clamping,
metal-oxide semiconductor devices. Their characteristics
enable them to protect circuits against high vonage spikes
(when properly selected) to meet anticipated transients. When
the protected equipment or circuit encounters high vonage

spikes, the varistor impedance changes from a very high
standby value to a very low conducting value, thus clamping the
transient vonage to a protective level. The excess energy of the
incoming high vonage pulse is absorbed by the Harris Varistor,
protecting vonage sensitive components against damage.

The protection afforded by the Harris Varistors not only
guards expensive and voltage sensitive equipment from
physical damage, but also improves functional reliability in
components that can encounter temporary upset due to
transient voltages of lower amplitudes.

• Wide VoltagelEnergy Range
• Excellent Clamp Ratio
• Fast Response Time
• Low Standby Power

• ISO 9000 Approved
• IEC Conformance
• No Follow-On Current
• DESC (QPL) Parts

Special Products for Special Applications

• UUCSA Recognized
• Higher Reliability
• Save on Board Real Estate
• Increases Circuit Density

• Radial Package
• Low Voltage Operation
• UUCSA Recognized
• CECC Approved

CSlCP SERIES
CONNECTOR PIN VARISTORS

• High Energy • Isolated
Capability • Low Inductance

• Rigid Terminals • UUCSA Recognized
• Improved Creep and Strike

• Provides Protection in Connectors
• 22, 20 and 16 Pin Gauge Size
• Rad Hard • Compact Size
• Solderable

• Low Profile
• High Temperature Capability
• In-Line Leads
• Precise Seating Plane
• UUCSA Recognized

AUMUML SERIES

• Axial Package
WideVollage

• Automatic Insertion

• Surface Mount
• Sign~icant Size Reduction
• High Reliability

100% Prescreened
100% Process Conditioning
Meets Military Spec~ications
DESC (QPL) Parts

• UL Recognized
• Rad Hard
• CSA Recognized
• CECC Approved

• Radial Package
• Line Voltage Operation
• UUCSA Recognized

CECC Approved

• Rigid Mountdown
• NEMA Creep and Strike Distance
• Quick Connect Terminal
• UUCSA Recognized••• Industrial Discs
• Solderable Contacts
• Edge Passivation
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Varistor characteristics are measured at high current and
energy levels of necessity with an impulse waveform. Shown
below is the ANSI STD C62.1 waveshape, an exponentially
decaying waveform representative of lightning surges, and
the discharge of stored energy in reactive circuits. See Fig-
ures 1 and 2.
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Based on industry practices, the 8/2011S current wave (811S
rise and 2011S to 50% decay of peak value) is used as a
standard for current (ITM) and clamp voltage (Vel ratings
shown in the specification tables and curves. Ratings for
other waves of different decay times are shown specifically
on the pulse life derating curves.

For the energy rating (WTM), a longer duration waveform of
10/100011S is used. This condition is more representative of the
high energy surges usually experienced from inductive dis-
charge of motors and transformers. Harris Varistors are rated
for a maximum pulse energy surge that results in a varistor
voltage VND(C) shift of less than ±(1 0% + 1V) of initial value.

To determine the energy absorbed in a varistor the following
equation applies:

E = KVclL

where I is the peak current applied, Vc is the clamp voltage
which results, L is the pulse width and K is a constant. K val-
ues are 1.0 for a rectangular wave, 1.4 for a 10/1 OOOllS
wave and for a 8/2011S wave.

Note that the rated energy (WTM) and the energy absorbed
in a varistor may not be identical. A specimen with lower
clamping voltage will absorb less energy. This effect tends to
be greatest at rated peak current (ITM) with an 8/2011S wave.

It is important to note, as demonstrated by the above
equation, that poorer varistors must absorb higher energy
levels than the better performance varistors with lower
clamp voltages, yet they actually provide less overvoltage
protection. For that reason, energy ratings based on an
8/2011S pulse tend to overstate varistor capability. The
10/100011S waveform consequently gives a more realistic
energy rating value.

The measured response time of a varistor is influenced by
lead configuration and length. In a typical application, the
response time is shorter than the inductive lead effect. In a
coaxial configuration, one could show response times of less
than a few nanoseconds. See Figure 18, Section 3.

TERM DEFINITION

DC Voltage, Maximum allowable steady state DC applied
VM(DCI voltage. DC standby current, ID 2011A typical,

20011Amaximum at TA = 2SoC, except V18ZA to
V36ZA 20mm size: ID = 20011A (typ), 3mA max
and U24RA22 to V36RA22.

RMS Voltage. Maximum allowable steady state sinusoidal volt-
VM(AC) age (RMS) at SOHZ-60Hz. If a nonsinusoidal

waveform is applied. the recurrent peak voltage
should be limited to -.J2xVM(AC)'

Energy, WTM Maximum allowable energy for a single impulse of
10/100011S current waveform. Energy rating
based on a VN shift of less than ±10%.

Peak Current, Maximum allowable peak current for a single im-
ITM pulse of 8/2011S waveform with rated continuous

voltage applied. See pulse lifetime rating curves
for other conditions.

Varistor Varistor peak terminal voltage measured with a
Voltage, VN(DCI specified current applied. For DC conditions, 1mA

is applied for a duration of 20ms to 1s. For AC con-
ditions 1mA peak 60Hz wave is applied.

Clamping Maximum terminal voltage measured with an
Voltage, Vc applied 8/2011S impulse of a given peak current.

See V-i curves and table for product ratings of
clamping voltage over the allowable range of peak
impulse current.

Capacitance Typical values measured at a test frequency of
1.0MHz. Maximum capacitance can be 100%
higher than the typical value measured at 1.0MHz.



VOLTS AC RMS 150 264
l,~OO4 10 ~5 1~0 250 275 460 660750 2,~00 6,~00

PEAK I I I I

CURRENT ENERGY VOLTS DC 200 365
7,c:oo(A) (J) 3.5 14 35 175 330 369 6:5 850 970 l,~OO 3,~00

I I I I I I

80- 0.5-5.0 ~~~'s~~~~500 "',~
150- 0.2 - 25 ~ AUML ML CH SE~~S' ~ ~1000 '" :.. 08051812 ~

~~~ 2220 ~ 5x8mm

40-100 0.07-
1.7

25-4500 0.1-35

100 -6500 0.4 -160

1,200- 11 -3609000

6500 70-250

25,000- 270-
40,000 1,050

50,000- 450-
70,000 10,000

30,000· 270-
40,000 1050

20,000- 200-
100,000 12,000

~.fJ
fjJfiJfiJ
~.fJ

b
D~
(J•G

PASERIES,-.:,
...,

:" HA, oAIDe SERIES, 32, \\
4O(mm)~

..•...."
BA! BB SERIES ~ "-\..,

AUML,
CH,CP, (NOTE 1) DA,DB,

SERIES RA CS,ML LA.ZA MA PA HA BA.BB CA.NA AS

Operating Ambient -55 to -55 to -55 to -55 to -55 to -55 to -55 to -55 to -55 to
Temperature (w/out derating) +125OC +125OC +85°C +85°C +85°C +85OC +85OC +85OC +60oC

Storage Temperature -55 to -55 to -55 to -55 to -55 to -55 to -55 to -55 to -55 to
+150oC +150oC +125°C +125OC +125OC +125OC +125OC +125OC +80oC

HiPot Encapsulation 2500 NA 2500 1000 NA 5000 5000 NA NA
(Note 2)

Voltage Temperature <.Ol''101''C <.owoI"c <.Ol''101''C <.OWOI"C <.Ol''101''C <.Ol%t"C <.Ol°/oI"C <.OWol"C <.Ol%t"C
Coefficient (Vc at Specified
Test Current)

Insulation Resistance (MO) >1000 NA >1000 >1000 NA >1000 >1000 NA NA

NOTES:

1. Base Plate Temperature.
Solderability: Per MIL STO 202, Method 208C.

2. Oielectric withstand per MIL STO 202, Method 301, 2500 Voc, for 1 minute.
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Should the varistor be subjected to surge currents and energy
levels substantially above maximum ratings, it may physically
fail by package rupture or expulsion of material. It is
recommended that protective fusing be used as described in
Section 4. II not fused, the varistor should be located away
from other components or be physically shielded from them.

Harris Varistor encapsulant complies with flammability
requirements of Underwriters Laboratories Standard
UL1414 and has a flammability rating of 94V-O.
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To select the correct Harris Varistor for a specific application,
determine the following information:

1. What is system RMS or DC voltage?

A. Phase to Ground _

B. Phase to Phase _

2. How will the Harris Varistor be connected?

A. Phase to Ground _

B. Phase to Phase _

3. Calculate required varistor voltage at 10%-25% above
system RMS or DC voltage.

A. VpHASETOGROUND x 1.1 = _
B. VpHASETOPHASEx 1.1 = _
The maximum continuous RMS or DC varistor voltage
should be equal to or greater than either 3A or 3B. This
maximum continuous RMS or DC varistor voltage can
be found in the rating and characteristic tables VM(AC)or
VM(DC)·

4. Selecting the correct varistor voltage is reasonably
straightforward, but selecting the proper energy rating is
more difficult and normally presents a certain degree of
uncertainty. Choosing the highest energy rating available
is expedient, but usually not cost effective.

As economic considerations enter the selection process,
the worst case size of the transient, the frequency of
occurrence, and the life expectancy of the equipment to
be protected cannot be ignored.

ANSI/IEEE C62.41-1980 addresses these consider-
ations, and the reprint in Section 1 gives the background
and the environment description of this standard. From
ANSI/IEEE C62.41-1980 it becomes evident that the
equipment or component to be protected is not as impor-
tant as the location in the electrical system. ANSI/IEEE
C62.41-1980 divides the electrical distribution system
into 3 location categories. Figure 6 defines these loca-
tion categories in detail.

Table 3 shows the open circuit voltage and short circuit
current of the transients which can be expected at loca-
tion A and B.

The Harris Varistor selected must first survive the worst
case transient (see "Medium Exposure Amplitude" in
Table 3) and, secondly, clamp the maximum open circuit
voltages to levels which will not damage equipment or
components in the system to be protected.

5. Select proper location category, A or B.

6. Determine worst case transient current and voltage from
Table 3.

7. Knowing the maximum continuous RMS or DC varistor
voltage (from 3), determine maximum clamping voltage
from V-I curve for the device selected using the worst
case transient current found in 6.

8. Does this clamping voltage provide the required protec-
tion level? If not, repeat Step 7 using a higher energy-rat-
ed device. If this process proves to be ineffective, consult
your local Harris sales office for assistance.

9. In many cases the source of the transient is known. The
transient energy can be calculated, and maximum clamp-
ing voltage can be determined from the V-I characteristic
since the maximum pulse current or source impedance is
known. Examples of these calculations can be found in
Section 4.



A. Outlets and Long Branch Circuits
All outlets at more than 10m (30 feet) from Category B with
wires #14-10
All outlets at more than 20m (60 feet) from Category C
with wires #14-10

B. Major Feeders and Short Branch Circuits
Distribution panel devices
Bus and feeder systems in industrial plants
Heavy appliance outlets with "short" connections to the
service entrance
Lighting systems in commercial buildings

C. Outside and Service Entrance
Service drop from pole to building entrance
Run between meter and distribution panel
Overhead line to detached buildings
Underground lines to well pumps

ENERGY (JOULES) DEPOSITED
IN A SUPPRESSOR (NOTE 3)

IMPULSE WITH CLAMPING VOLTAGE OF

LOCATION COMPARABLE MEDIUM
CATEGORY TO IEC 664 EXPOSURE TYPE OF SPECIMEN 500V 1000V

CENTER CATEGORY WAVEFORM AMPLITUDE OR LOAD CIRCUIT (120V SYSTEM) (240V SYSTEM)

A. Long branch II 0.511S- 100kHz 6kV High Impedance (Note 1)
circuits and outlets

200A Low Impedance (Note 2) 0.8 1.6

B. Major feeders III 1.215011S 6kV High Impedance (Note 1)
short branch
circuits, and load 8/2011S 3kA Low Impedance (Note 2) 40 80
center

0.511S- 100kHz 6kV Low Impedance (Note 1)

500A High Impedance (Note 2) 2 4

NOTES:
1. For high-impedance test specimens or load circuits, the voltage shown represents the surge voltage. In making simulation tests, use that

value for the open-circuit voltage of the test generator.
2. For low-impedance test specimens or load circuits, the current shown represents the discharge current of the surge (not the short-circuit

current of the power system). In making simulation tests, use that current for the short-circuit current of the test generator.
3. Other suppressors which have different clamping voltages would receive different energy levels.



This is the most complete protection one can select, but in
many cases only Varistor 1 or Varistor 1 and 2 are selected.

Transient suppressors can be exposed to high currents for
short durations in the nanoseconds to millisecond time
frame.

Harris Varistors are connected in parallel to the load, and
any voltage drop in the leads to the varistor will reduce its
effectiveness. Best results are obtained by using short leads
that are close together to reduce induced voltages and a low
ohmic resistance to reduce I • R drops.
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DC Applications

DC applications require connection between plus and minus
or plus and ground and minus and ground.

For example, if a transient towards ground exists on all
3 phases (common mode transients) only transient suppres-
sors connected phase to ground would absorb energy. Tran-
sient suppressors connected phase to phase would not be
effective.

COMMON~EMODE
TRANSIENT

FIGURE 10A. INCORRECT FIGURE 108. CORRECT

FIGURE 10. COMMON MODE TRANSIENT AND CORRECT
SOLUTION

On the other hand if a differential mode of transient (phase
to phase) exists then transient suppressors connected
phase to phase would be the correct solution.

DIFFERENTIAL ~
MODE

TRANSIENT H
FIGURE 11A. INCORRECT FIGURE 118. CORRECT

FIGURE 11. DIFFERENTIAL MODE TRANSIENT AND CORRECT
SOLUTION

This is just a selection of some of the more important varia-
tions in connecting transient suppressors.

The logical approach is to connect the transient suppressor
between the points of the potential difference created by the
transient. The suppressor will then equalize or reduce these
potentials to lower and harmless levels. a:!J)
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Arrester Blocks

• Provided in Disc Form for Unique Packaging by Customer

• Electrode Finish Enables Pressure Contact for Stacking Application

• Available Disc Sizes: 32mm, 42mm and 60mm Diameter

• No Follow Current

• Large Surge Current Capability

• Conforms to IEC 99-4 and ANSVIEEE C62.11 Industry Standards

AS series arresters are designed for protection from
lightning and switching surges in high-power distribution
equipment.

Discs are designed to provide high-energy handling capabil-
ity and long term stability in stressful applications.

• Lightning Protection of Electrical Distribution Trans-
former and Systems

• Arrester Assemblies of the Porcelain Polymeric,
"Under-oil" and Metal Clad Variety

Rated Voltage
AC Voltage Range ..

Steady State Applied Voltage:
AC Voltage (MCOV) .

Transient
Peak Pulse Current (ITMl for 4/10 J.1sCurrent Wave. . .....•.......
Energy Rating for 2ms Current Wave .........................•..

Operating Ambient Temperature (TA) .....•..•••.•••...•...•...•........••...•..

AS SERIES UNITS

3.00 to 6.00 kV

2.55 to 5.10 kV

65 to 100 kA
2.2 to 12 kJ

60 °c

STORAGE AND HANDLING NOTES:

1. Arrester discs should be stored in a moisture free environment at all times.

2. Use caution during handling to prevent chipping of edges.

a:(/)0 ....
....0
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MODEL NUMBER

PARAMETER V302AS32 V402AS32 V502AS32 V602AS32 V302AS42 V402AS42 V502AS42 V402AS60 UNITS

Rated Voltage (RMS) 3.0 4.0 5.0 6.0 3.0 4.0 5.0 4.0 kV

Maximum Continuous 2.55 3.40 4.25 5.1 2.55 3.40 4.25 3.40 kV
Operating Voltage (MCOV)

Reference Current, IREF 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 mA

Minimum Reference 3.1 4.1 5.1 6.1 3.1 4.1 5.1 4.1 kVRMS
Voltage, VREF

Nominal Discharge 5.0 5.0 5.0 5.0 10.0 10.0 10.0 10.0 kA
Current, Ip (8/2Ol1s)

Residual Voltage 9.8 13.1 16.3 19.6 10.0 13.3 16.7 12.5 kV
(max) atlp

Energy Rating at 2.2 2.9 3.6 4.3 3.5 4.7 5.8 12.0 kJ
60°C (2ms)

Peak Current, 65.0 65.0 65.0 65.0 100.0 100.0 100.0 100.0 kA
4/1OilS at 60°C (Note 2)

Maximum Steep Current 11.3 15.0 18.8 22.5 kV
Residual Voltage at
5kA (lI2Ol1s)

Maximum Steep Current . . 11.5 15.3 19.2 14.4 kV
Residual Voltage at 10kA
(1/2Ol1s)

Maximum Dissipation 0.23 0.30 0.38 0.45 0.30 0.40 0.60 0.50 W
Power at MCOV

Maximum Conduction 75.0 75.0 75.0 75.0 110.0 110.0 110.0 140.0 I1A
Current at MCOV

DIMENSIONS (in millimeters)

Diameter (00)

Min 32.3 32.3 32.3 32.3 40.9 40.9 40.9 60.0 mm

Max 33.7 33.7 33.7 33.7 42.3 42.3 42.3 62.0 mm

Height (H)

Typical 21.0 28.0 36.0 42.0 21.0 28.0 36.0 34.0 mm

NOTES:

1. In addition to above standard types, custom ratings and dimensions can be provided.

2. Parts should be wrapped using a secondary insulating film or encased by polymeric housing.
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HARRIS
SEMICONDUCTOR

Automotive
AUML Series

MUltilayer Surface Mount
Transient Surge Suppressors

Features
• Load Dump Energy Rated per SAE Specification J1113

• Leadless Chip Form Surface Mount

• "Zero" Lead Inductance/47I
• Variety of Energy Ratings Available

• 12SoC Continuous Operating Temperature

• Low Profile, Compact Industry Standard Chip Size; (1210, 1812 and
2220 Sizes)

• Inherently Bidirectional

• No Plastic or Epoxy Packaging Assures Better than 94V-0
Flammability Rating

Description
The Automotive multilayer (AUML) series of transient surge
suppressors was specifically designed to protect the
sensitive electronic equipment of an automobile, from
destructive transient voltages. The most common transient
conditions result either from a large energy discharge or a
steady state overvoltage. Almost all the electronic systems
in the automobile, e.g. antilock brake systems, direct ignition
systems, airbag control systems, wiper motors, etc., are
susceptible to damage from voltage transients and thus
require protection. The AUML transient suppressors have
temperature independent protection characteristics and
afford protection from -55°C to +1250C. Multilayer

suppressors are designed to fail short when overstressed
and, thus protect the associated equipment. The AUML sup-
pressor is manufactured from semiconducting ceramics
which offer rugged protection, excellent transient energy
absorption and increased intemal heat dissipation in an
exceedingly small package. The devices are in chip form,
eliminating lead inductance and assuring the fastest speed
of response to transient surges. The AUML surge suppres-
sors require significantly smaller space envelopes and land
pads than traditional silicon TVS diodes or surface mount
metal oxide varistors (MOVs), thus allowing designers to
reduce size and weight while increasing system reliability.

Continuous:
SteadyStateAppliedVoltage:
DCVoltageRange(VM(OC») .

Transient:
LoadDumpEnergy,(WLO) .
JumpStartCapability(5 minutes),(VJUMP) .

OperatingAmbientTemperatureRange(TA) •..••.•••••••.•.••••.••••••.••••.••••••••..

StorageTemperatureRange(TSTG) ....•...................................•........

TemperatureCoefficient(av) of ClampingVoltage(Vel at SpecifiedTest Current .

AUMLSERIES UNITS

16 V

3.0 to 25 J
24.5 V

-55 to +125 °c
·55 to +150 °c

<0.01 %loC



Device Ratings and Characteristics

MAXIMUM RATINGS (125°C) CHARACTERISTICS (25°C)

MAXIMUM JUMP LOAD NOMINAL VARISTOR MAXIMUM MAXIMUM CLAMPING
CONTINUOUS START DUMP VOLTAGE STANDBY VOLTAGE (VC)

DC VOLTAGE ENERGY AT 10mA DC TEST LEAKAGE AT TEST CURRENT
VOLTAGE (5MIN) (10 PULSES) CURRENT (AT13V DC) (81201'5)

MODEL
VM(DC) VJUMP WLD VN(DC)MIN VN(DC)MAX IL Vc Ip

NUMBER (V) (V) (J) (V) (V) (I'A) (V) (A)

V18AUMLA1210 16 24.5 3 23 32 50 40 1.5

V18AUMLA1812 16 24.5 6 23 32 100 40 5

V18AUMLA2220 16 24.5 25 23 32 200 40 40

NOTES:

1. Average power dissipation of transients not to exceed 0.15W, 0.3W and 1W for model sizes 1210, 1812 and 2220 respectively.

2. Load dump energy rating (into the suppressor) of a voltage transient with a time constant of 115ms to 230ms.

3. Thermal shock capability per Mil-Std-750, Method 1051: -55°C to +1250C, 5 minutes at 25°C, 25 Cycles: 15 minutes at each extreme.

4. For application specific requirements, please contact Harris sales office.

Continuous power dissipation capability is not an applicable
requirement for a suppressor, unless transients occur in
rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-secondS) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Characteristics table for the specific
device. Furthermore, the operating values need to be
derated at high temperatures as shown in Figure 1.
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90 '
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o ,
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AMBIENT TEMPERATURE (Oc)

FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE

0, = VIRTUAL ORIGIN OF WAVE
T = TIME FROM 10%TO 90% OF PEAK

T, = VIRTUAL FRONT TIME = 1.25 x I
T2 = VIRTUAL TIME TO HALF VALUE

(IMPULSE DURATION)

EXAMPLE:
FOR AN 8I2011sCURRENT

WAVEFORM:
811S= T, = VIRnJAL FRONT

TIME
2011S= T2 = VIRnJAL TIME TO

HALF VALUE
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The principal techniques used for the soldering of
components in surface mount technology are Infra Red (IR)
Reflow, Vapour Phase Reflow and Wave Soldering. When
wave soldering, the AUML suppressor is attached to the
substrate by means of an adhesive. The assembly is then
placed on a conveyor and run through the soldering process.
With IR and Vapour Phase reflow the device is placed in a
solder paste on the substrate. As the solder paste is heated
it reflows, and solders the unit to the board.

With the AUML suppressor, the recommended solder is a
62/36/2 (SnlPb/Ag) silver solder paste. While this configura-
tion is best, a 60/40 (SniP b) or a 63/37 (Sn/Pb) solder paste
can also be used. In soldering applications, the AUML sup-
pressor is held at elevated temperatures for a relatively long
period of time, with the wave soldering operation the most
strenuous of the processes. To avoid the possibility of gener-
ating stresses due to thermal shock, a preheat stage in the
soldering process is recommended, and the peak tempera-
ture of the solder process should be rigidly controlled.

When using a reflow process, care should be taken to
ensure that the AUML chip is not subjected to a thermal gra-

dient steeper than 4 degrees per second; the ideal gradient
being 2 degrees per second. During the soldering process,
preheating to within 100 degrees of the solders peak tem-
perature is essential to minimize thermal shock. Examples of
the soldering conditions for the AUML series of suppressors
are given in the table below.

Once the soldering process has been completed, it is still
necessary to ensure that any further thermal shocks are
avoided. One possible cause of thermal shock is hot printed
circuit boards being removed from the solder process and
subjected to cleaning solvents at room temperature. The
boards must be allowed to cool to less than 50 degree Cel-
sius before cleaning.

SOLDERING TIME PEAK
OPERATION (SECONDS) TEMPERATURE (OC)

IR Reflow 5 -10 220
Vapour Phase Reflow 5·10 222
Wave Solder 3-5 260



Recommended Pad Outline Series Dimensions
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NOTE: Avoid metal runs in this area.

CHIP SIZE CHIP SIZE

1210 1812 2220 1210 1812 2220

SYMBOL IN MM IN MM IN MM SYMBOL IN MM IN MM IN MM

A 0.219 5.51 0.272 6.91 0.315 8.00 o MAX 0.070 1.80 0.07 1.8 0.118 3.00

B 0.147 3.73 0.172 4.36 0.240 6.19 E 0.02 0.50 0.02 0.5 0.03 0.75
±O.Ol ±O.25 ±O.Ol ±O.25 ±O.Ol ±O.25

C 0.073 1.85 0.073 1.85 0.073 1.85
L 0.125 3.20 0.18 4.5 0.225 5.7

Soldering Recommendations ±O.012 ±O.30 ±O.014 ±O.35 ±O.016 ±O.4

Material- 62/36/2 SnlPb/Ag or equivalent W 0.10 2.54 0.125 3.2 0.197 5
±O.012 ±O.30 ±O.012 ±O.30 ±O.016 ±O.4

Temperature - 230°C, 5 seconds max

Flux - Non activated

Load Dump Energy Capability
A Load dump transient occurs when the alternator load in energy capability of the AUML suppressor range as that
the automobile is abruptly reduced. The worst case scenario energy dissipated by the device itself, independent of the
of this transient occurs when the battery is disconnected test circuit setup. The resultant load dump energy handling
while operating at full rated load. There are a number of dif- capability serves as an excellent figure of merit for the AUML
ferent load dump specifications in existence in the automo- suppressor.
tive industry, with the most common one being that

Standard load dump specifications require a device capabil-
recommended by the Society of Automotive Engineers,
specification #SAE J1113. Because of the diversity of these

ity of 10 pulses at rated energy, across a temperature range

load dump specifications Harris defines the load dump
of -40°C to + 125°C. This capability requirement is well
within the ratings of all of the AUML series (Figure 4).
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FIGURE 4. AUML LOAD DUMP PULSING OVER A TEMPERATURE RANGE OF -55°C TO +125OC.
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Further testing on the AUML series has concentrated on
extending the number of load dump pUlses, at rated energy,
which are applied to the devices. The reliability information
thus generated gives an indication of the inherent capability
of these devices. To date the 1210 series of device has been

subjected to over 2000 pulses at its rated energy of 3 joules;
the 1812 series have been pulse.d over 1000 times at 6
joules and 2220 series has been pulsed at its rated energy
of 25 joules over 300 times. In all cases there has been little
or no change in the device characteristics (Rgure 5).

V(10mA)

35
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FIGURE 5. REPETITIVE LOAD DUMP PULSING AT RATED ENERGY

The very high energy absorption capability of the AUML
suppressor is achieved by means of a new, highly controlled
manufacturing process. This new technology ensures that a
large volume of suppressor material, with an interdigitated
layer construction, is available for energy absorption in an
extremely small package. Unlike equivalent rated silicon
TVS diodes, all of the AUML device package is available to

act as an effective, uniform heat sink. Hence, the peak tem-
peratures generated by the load dump transient are signifi-
cantly lower and evenly dissipated throughout the complete
device (Figure 6). This even energy dissipation ensures that
there are lower peak temperatures generated at the P-N
grain boundaries of the AUML suppressor.



V18AUMLA2220

There are a number of different size devices available in the
AUML series, each one with a load dump energy rating,
which is size dependent.

Experience has shown that while the effects of a load dump
transient is of real concern, its frequency of occurrence is
much less than those of low energy inductive spikes. Such

low energy inductive spikes may be generated as a result of
motors switching on and off, from ESD occurrences, fuse
blowing, etc. It is essential that the suppression technology
selected also has the capability to suppress such transients.
Testing on the V18AUMLA2220 has shown that after being
subjected to a repetitive energy pulse of 2 joules, over 6000
times, no characteristic changes have occurred (Figure 7.)

1000 2000 3000 4000 5000 6000 7000
NUMBER OF PULSES

FIGURE 7. REPETITIVE ENERGY TESTING OF THE V18AUMLA2220 AT AN ENERGY LEVEL OF 2 JOULES

In the leakage region of the AUML suppressor, the device
characteristics approaches a linear (ohmic) relationship and
shows a temperature dependent affect. In this region the
suppressor is in a high resistance mode (approaching 109
ohms) and appears as a near open-circuit. Leakage currents
at maximum rated voltage are in the microamp range. With

clamping transients at higher currents (at and above the ten
milliamp range). the AUML suppressor approaches a 1-100
characteristic. In this region the characteristics of the AUML
are virtually temperature independent. Figure 8 shows the
typical effect of temperature on the V-I characteristics of the
AUML suppressor.
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FIGURE 8. TYPICAL V-I CHARACTERISTICS OF THE V18AUMLA2220 at -40°C, +250C, +850C AND +125°C

The clamping action of the AUML suppressor depends on a
conduction mechanism similar to that of other semiconduc-
tor devices (i.e. P-N Junctions). The apparent slow response
time often associated with transient voltage suppressors
(Zeners, MOVs) is often due to parasitic inductance in the
package and leads of the device and is independent of the
basic material (silicon, zinc oxide). Thus, the single most crit-
ical element affecting the response time of any suppressor is

its lead length and, hence, the inductance in the leads. The
AUML suppressor is a pure surface mount device, with no
leads or external packaging, and thus, it has virtually zero
inductance. The actual response time of a AUML surge sup-
pressor is in the 1 to 5 nanosecond range and this response
time is more than sufficient for the transients which are likely
to be encountered in an automotive environment.



• Conforms to EIA • 481, Revision A

• Can be Supplied to IEC Publication 286 • 3

8mmWIDE
TAPE TAPE 12mm WIDE TAPE

Chip Size 1210 1812 2220

Quantity Per 2000 1000 1000
178mm Reel

Quantity Per 8000 4000 4000
330mm Reel

TAPE WIDTH

SYMBOL DESCRIPTION 8mm I 12mm

Ao Width of Cavity Dependent on Chip Size to Minimize Rotation.

Bo Length of Cavity Dependent on Chip Size to Minimize Rotation.

Ko Depth of Cavity Dependent on Chip Size to Minimize Rotation.

W Width of Tape 8 ± 0.2 I 12± 0.2

F Distance Belween Drive Hole Centers and Cavity Centers 3.5 ± 0.5 I 5.4 ± 0.5

E Distance Belween Drive Hole Centers and Tape Edge 1.75 ±0.1

P1 Distance Belween Cavity Center 4±0.1 I 8±0.1

P2 Axial Distance Belween Drive Hole Centers and Cavity Centers 2±0.1

Po Axial Distance Belween Drive Hole Centers 8 ± 0.1

Do Drive Hole Diameter 1.55 ± 0.05

D1 Diameter of Cavity Piercing 1.05 ± 0.05 I 1.55 ± 0.05

t1 Embossed Tape Thickness 0.3 max I 0.4 max

t2 Top Tape Thickness 0.1 max

Tape and reel is the standard packaging method of the
AUML series. The standard 330 millimeter (13 inch) reel uti-
lized contains 4000 pieces for the 2220 and 1812 chips, and
8000 pieces for the 1210 chip. To order add "T23" to the
standard part number, e.g. V18AUMLA2220T23.

Option 1: 178 millimeter (7 inch) reels containing 1000
(2220,1812) or 2000 (1210), pieces are available.
To order add "H23" to the standard part number,
e.g. V18AUMLA2220H23.

Option 2: For small sample quantities (less than 100 pieces)
the units are shipped bulk pack. To order add
"A23" to the standard part number, e.g.
V18AUMLA2220A23.

178MM
OR 330MM
DIA. REEL



The part numbering system of the AUML surge suppressor
series gives the following information:

e.g. Part Number: V18AUMLA2220T23

where:

v = Harris Transient Voltage Suppressor
18 = RecognizedAutomotive Suppressor

Rating
AUML = Automotive Series

A = Load Dump Energy Indicator
2220 (or 1812 or 1210) = Device Size

T23 (or H23 or A23) = Quantity Designator

Description of AUML Ratings and
Characteristics
Maximum Continuous DC Working Voltage (VM(DC)

This is the maximum continuous DC voltage which may be
applied, up to the maximum operating temperature
(+12S°C), to the ML suppressor. This voltage is used as the
reference test point for leakage current and is always less
than the breakdown voltage of the device.

Load Dump Energy Rating (WLD)

This is the actual energy the part can dissipate under load
dump conditions.

Maximum Clamping Voltage (Vel

This is the peak voltage appearing across the suppressor
when measured at conditions of specified pulse current and
specified waveform (8/2011S).It is important to note that the
peak current and peak voltage may not necessarily be coin-
cidental in time.

Leakage Current (Ill

In the nonconducting mode, the device is at a very high
impedance (approaching 1090) and appears as an almost
open circuit in the system. The leakage current drawn at this
level is very low «SOllA at ambient temperature) and, unlike
the zener diode, the multilayer TVS has the added advan-
tage that, when operated up to its maximum temperature, its
leakage current will not increase above SOOIlA.

Nominal Voltage (VN(DC)

This is the voltage at which the AUML enters its conduction
state and begins to suppress transients. In the automotive
environment this voltage is defined at the 10 milliamp point
and has a minimum (VN(DC)MIN)and maximum (VN(DC)MAX)
voltage specified.
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m HARRIS
SEMICONDUCTOR BA/BB Series

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E75961 to Std. 1449

• High Energy Absorption Capability WTM
BA Series ....••••...•••.•...•.•••.....•..•.•••.•••••• 3200J
BB Series ......•....•••....••••.•....•••.••.••.••... 10,OOOJ

• Wide Operating Voltage Range VM(AC)RMS
BA Series ....•..•••.•.••.•.•..••..•...•..•.•••• 130V to 880V
BB Series. . . . • . • • • . . • • • . . . • . . . . . . • • . . • . . . • . . . 1100V to 2800V

• Rigid Terminals for Secure Wire Contact

• Case Design Provides Complete Electrical Isolation of Disc
SubAssembly

• Large Diameter Disc ••..•••••.•••••••..••.....••....... 60mm

BA and BB series transient surge suppressors are heavy-
duty industrial metal-oxide varistors designed to provide
surge protection for motor controls and power supplies used
in oil-drilling, mining, and transportation equipment. Possible
voltage surges in their AC power supplies could cause
product failure and the subsequent faulty operation of these
systems.

These UL-recognized varistors have similar package
construction but differ in size, ratings and electrical
characteristics.

Both the BA and BB series feature improved creep and
strike capability to minimize breakdown along the package
surface, a package design that provides complete electrical
isolation of the disc subassembly, and rigid terminals to
insure secure wire contacts.

Continuous:
SteadyStateAppliedVoltage:
AC VoltageRange(VM(AC)RMS).........•........................•..
DCVoltageRange(VM(DC)) .

Transient:
PeakPulseCurrent(ITM)
For8/20I'S CurrentWave(SeeFigure2) .
SinglePulseEnergyRange
For 10/1 OOOI'SCurrentWave(WTM).. . . . . . . . . . . . . . . . . .

OperatingAmbientTemperatureRange(TA)' ....................•.......
StorageTemperatureRange(TSTG) .
TemperatureCoefficient(aV)of ClampingVoltage(Vel at Specified

TestCurrent .
Hi-PotEncapsulation(IsolationVoltageCapability) .

(Dielectricmustwithstandindicateddc voltagefor one minuteper MIL·STD
202, Method301)

InsulationResistance.......................•.......•........•.

BA SERIES BB SERIES UNITS

130 to 880 1100 to 2800 V
175 to 1150 1400 to 3500 V

50,000 to 70,000 70,000 A

450 to 3200 3800 to 10,000

-55 to +85 -55 to +85 °c
-55 to +125 -55 to +125 °c

<0.01 <0.01 %I"c
5000 5000 V

1000 1000 MQ



Device Ratings and Characteristics Series BA and BB Varistors are listed under UL file #E75961 as a UL recognized component.

MAXIMUM RATINGS (+85OC) CHARACTERISTICS (+25OC)

CONTINUOUS TRANSIENT MAX CLAMPING TYPICAL
ENERGY PEAK CUR- VARISTOR VOLTAGE AT 1mA VOLT Vc AT 200A CAPAC 1-

VRMS Voc (2ms) RENT (8120~s) DC TEST CURRENT CURRENT (B120~s) TANCE

MODEL VM(AC) VM(OC) WTM I-rM MIN VN(OC) MAX Vc f = 1MHz

NUMBER (V) (V) (J) (A) (V) (V) (V) (V) (pF)

V131BA60 130 175 450 50000 184 200 228 340 20000

V151BA60 150 200 530 50000 212 240 268 400 16000

V251BA60 250 330 880 50000 354 390 429 620 10000

V271BA60 275 369 950 50000 389 430 473 680 9000

V321BA60 320 420 1100 50000 462 510 539 760 7500

V421BA60 420 560 1500 70000 610 680 748 1060 6000

V481BA60 480 640 1600 70000 670 750 825 1160 5500

V511BA60 510 675 1800 70000 735 820 910 1300 5000

V571BA60 575 730 2100 70000 805 910 1000 1420 4500

V661BA60 660 850 2300 70000 940 1050 1160 1640 4000

V751BA60 750 970 2600 70000 1080 1200 1320 1880 3500

V881BA60 880 1150 3200 70000 1290 1500 1650 2340 2700

V112BB60 1100 1400 3800 70000 1620 1800 2060 2940 2200
V142BB60 1400 1750 5000 70000 2020 2200 2550 3600 1800

V172BB60 1700 2150 6000 70000 2500 2700 3030 4300 1500 a:C/)01-
V202BB60 2000 2500 7500 70000 2970 3300 3630 5200 1200 1-(.)C/)::)
V242BB60 2400 3000 8600 70000 3510 3900 4290 6200 1000 -0a:O
V282BB60 2800 3500 10000 70000 4230 4700 5170 7400 800 ~lf

NOTE: Average power dissipation of transients not to exceed 2.5W. See Figures 3 and 4 for more information on power dissipation.

Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Characteristics table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE

0, = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T 1 = Virtual Front Time = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20~s Current Waveform:
8~s = T 1 = Virtual Front Time

20~s = T2 = Virtual Time to Half Value
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MAX CLAMPING VOLTAGE
DISC SIZE 60mm
1100 TO 2800VM(AC) RATING
TA = ·550C TO +850C
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FIGURE 5. CLAMPING VOLTAGE FOR V131BA60· V881BA60

~
~ 19:9gg
j; 8,000
'" 7,000
~ 6,000 V282BB60
Do. 5,000 V242B860

~ 4,000 V2.2BB6.

=< VI72BB6.
3,000 Vl.2BB60

Vl12BB6.

2,OO~0'2 10. 101 102 103 10' 10'
PEAK AMPERES (A)

FIGURE 6. CLAMPING VOLTAGE FOR V112BB60 • V282BB60
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AGURE 7. SURGE CURRENT RATING CURVES FOR
V131BA60· V3210A60
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FIGURE 8. SURGE CURRENT RATING CURVES FOR
V421 BA60 • V282BB60

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)' may result in the device not meeting the original published specifications, but it does not prevent the device
from continuing to function, and to provide ample protection.



Package Outline Dimensions
BASERIES

---'i
I MI INTERNATIONAL

/ - THREAD PAN HEAO
/ SLOTTED SCREW

-r
\. 23.5 (UU)

.L-
7.0 (0.28) -r

NOTES:

1. Typical Weight:
BA 2509
BB 600g

Dimensions are in mm; Inches in parentheses for reference only.

4Ot2
(U75% 0.08) •• IIllPIIAl1ONAl.~.~ITIIlEAD

• (0.24)

1- '1'
T"I.-

r .1
71"'3 MAX

IJ a: I/)
01-1-(.)
I/)=>-0a:O~g:



HARRIS
SEMICONDUCTOR "c" III Series

• Recognized as "Transient Voltage Surge Suppressors" to UL 1449;
File # E75961

• Recognized as "Transient Voltage Surge Suppressors" to CSA
C22.2, No.1; File # LR91788

• High Energy Absorption Capability WTM .•...•.. 45J to 210J (2ms)

• High Peak Pulse Current Capability ITM .... 6000A to 9000A (8120~s)

• Wide Operating Voltage Range VM(AC)RMS•.......... 130V to 320V

• Available in Tape and Reel for Automatic Insertion; Also Available
with Crimped and/or Trimmed Lead Styles

The expanded version of the LA series of metal-oxide varis-
tors, designation "C" III series, consists of AC line voltage
rated MOVs with extremely high current and energy han-
dling capabilities. This new "C" III series of MOVs was pri-
marily designed for the transient voltage surge suppressor
(TVSS) environment. They provide the increased level of
protection now deemed to be necessary for the transients
expected in this environment. The occurrence of high volt-

age transients in the AC power network can be detrimental
to the associated line equipment. Such transient occur-
rences may cause product failure and the subsequent faulty
operation of the electrical systems. This special version of
the Harris 14mm and 20mm LA series of metal oxide varis-
tors is also available with 10mm lead spacing, tape and reel,
and in a variety of crimped and trimmed lead forms.

Continuous:
SteadyStateAC VoltageRange(VM(AC)RMS) .

Transients:
Single-PulsePeakCurrent(ITM)8/2011S Wave (SeeFigure2) .
Single-PulseEnergyRange(WTM)2msRectangularWave ......•.............•........

MaximumTemporaryOvervoltageof VM(AC)'(5 MinutesDuration) .

OperatingAmbientTemperatureRange(TA)' ..............•.............•.............
StorageTemperatureRange(TSTO) .
TemperatureCoefficient«(IV)of ClampingVoltage(Vel at SpecifiedTest Current....•.........

"c"m SERIES UNITS

130to 320 V

6000to 9000 A
45 to 210 J

130(+25°C) %
120(+125°C) %

-55 to +85 °c
-55 to +125 °c

<0.01 %f'c



MAXIMUM RATINGS (+85°C)

CONTINUOUS TRANSIENT

WITHSTANDING PEAK CURRENT (8/20~s)
MAXIMUM VRMS ENERGY (2ms)

MODEL DEVICE VM(AC) WTM (J"1.) ITM11 PULSE ITM22 PULSES
NUMBER MARKING (V) (J) (A) (A)

V130LA10C 130L10C 130 45 6000 5000
V130LA20C 130L20C 130 90 9000 7000
V130LA20CX325 130LA20CX325 130 90 9000 7000

V140LA10C 140L 10C 140 50 6000 5000
V140LA20C 140L20C 140 100 9000 7000
V140LA20CX340 140L20CX340 140 100 9000 7000

V150LA10C 150L10C 150 55 6000 5000
V150LA20C 150L20C 150 110 9000 7000
V150LA20CX360 150L20CX360 150 110 9000 7000

V175LA10C 175L10C 175 60 6000 5000
V175LA20C 175L20C 175 120 9000 7000
V175LA20CX425 175L20CX425 175 120 9000 7000

V230LA20C 230L20C 230 80 6000 5000
V230LA40C 230L40C 230 160 9000 7000
V230LA40CX570 230L40X570 230 160 9000 7000

V250LA20C 250L20C 250 100 6000 5000
V250LA40C 250L40C 250 170 9000 7000
V250LA40CX620 250L40CX620 250 170 9000 7000

V275LA20C 275L20C 275 110 6000 5000
V275LA40C 275L40C 275 190 9000 7000
V275LA40CX680 275L40CX680 275 190 9000 7000

V300LA20C 300L20C 300 120 6000 5000
V300LA40C 300L40C 300 210 9000 7000
V300LA40CX745 300L40CX745 300 210 9000 7000

V320LA20C 320L20C 320 200 6000 5000
V320LA40C 320L40C 320 200 9000 7000

a:rn01-1-°rn::::l-0a:O
~g:

SPECIFICATIONS (+25°C)

MAXIMUM CLAMPING
VARISTOR VOLTAGE AT VOLTAGE DUTY CYCLE SURGE

MODEL SIZE 1mA DC TEST CURRENT (8/20~s ) RATING

DISC 3kA 750A
MODEL DIAMETER VN MIN VN MAX Vc Ip (8120~s) (8120~s)

NUMBER (mm) (V) (V) (V) (A) # PULSES # PULSES

V130LA10C 14 184 228 340 50 10 80
V130LA20C 20 184 228 340 100 20 120
V130LA20CX325 20 184 220 325 100 20 120

V140LA10C 14 198 242 360 50 10 80
V140LA20C 20 198 242 360 100 20 120
V140LA20CX340 20 198 230 340 100 20 120

V150LA10C 14 212 268 395 50 10 80
V150LA20C 20 212 268 395 100 20 120
V150LA20CX360 20 212 243 360 100 20 120

V175LA10C 14 247 303 455 50 10 80
V175LA20C 20 247 303 455 100 20 120
V175LA20CX425 20 247 285 425 100 20 120



"e" III Series Specifications (Continued)

SPECIFICATIONS (+25OC)

MAXIMUM CLAMPING
VARISTOR VOLTAGE AT VOLTAGE DUTY CYCLE SURGE

MODEL SIZE lmA DC TEST CURRENT (8120118) RATING

DISC 3kA 750A
MODEL DIAMETER VN MIN VN MAX Vc Ip (8120118) (8120118)

NUMBER (mm) (V) (V) (V) (A) # PULSES # PULSES

V230LA20C 14 324 396 595 50 10 80
V230LA40C 20 324 396 595 100 20 120
V230LA40CX570 20 324 384 570 100 20 120

V250LA20C 14 354 429 650 50 10 80
V250LA40C 20 354 429 650 100 20 120
V250LA40CX620 20 354 413 620 100 20 120

V275LA20C 14 389 473 710 50 10 80
V275LA40C 20 389 473 710 100 20 120
V275LA40CX680 20 389 453 680 100 20 120

V300LA20C 14 420 517 775 50 10 80
V300LA40C 20 420 517 775 100 20 120
V300LA40CX745 20 420 490 745 100 20 120

V320LA20C 14 462 565 850 50 10 80
V320LA40C 20 462 565 850 100 20 120

NOTE: Average power dissipation of transients not to exceed 0.6W and lW for model sizes 14mm and 20mm, respectively

Power Dissipation Ratings .-..
The metal oxide varistor is designed to absorb voltage

100 \.Uj
90transients of relatively short durations, not continuous over ::>....J

voltage. Therefore, unless transients occur in rapid ~ 80

"succession, a continuous power dissipation capability is 0 70Uj

not an applicable design requirement for a varistor. Under ~ 60a: \.
this condition, the average power dissipation required is ll. 500 ,
simply the energy (watt-seconds) per pulse times the ~ 40z 1\number of pulses per second. The power so developed Uj

30u
must be within the specifications shown on the Device a: \.

Uj 20
Ratings and Specifications table for the specific device.

0..

10
The operating values of a MOV need to be derated at high 0 "temperatures as shown in Figure 1. Because varistors only -55 50 60 70 80 90 100 110 120 130 140 150
dissipate a relatively small amount of average power they AMBIENT TEMPERATURE(Oc)
are not suitable for repetitive applications that involve FIGURE 1. CURRENT, ENERGY AND POWER DERATING
substantial amounts of average power dissipation. CURVE

Uj

3100 ------

~ I 01 = Virtual Origin of Wave

'" 90 ----- I T = Time From 10% to 90% of Peak« I I
Tj = Virtual Front time = 1.25 • tUj

I I0..
ll. I I T2 = Virtual Time to Half Value (Impulse Duration)
0 50 - -- -+-1---- Example: For an 8/20IlS Current Waveform:~z I. I I I 811S= T1 = Virtual Front TimeUj I.

I I IUa: I.
I I I 20llS = T2 = Virtual Time to Half Value
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FIGURE 2. PEAK PULSE CURRENT TEST WAVEFORM



MODEL SIZE = 14mm
TA = ·5SoC TO +8SoC
130 TO 320VM(AC)RATING
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FIGURE 3. MAXIMUM CLAMPING VOLTAGE FOR V130LA10C
TO V320LA20C
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MODEL SIZE

SYMBOL DESCRIPTION 14mm I 20mm

P Pitch of Component 25.4± 1.0

Po Feed Hole Pitch 12.7± 0.2

P1 Feed Hole Center to Pitch 2.60± 0.7

P2 Hole Center to Component 6.35± 1.0
Center

F Lead to Lead Distance 7.50 ± 0.8

h Component Alignment 2.00 Max

W Tape Width 18.25 ± 0.75

Wo Hold Down Tape Width 6.00 ± I 12.0 ±
0.3 0.3

W1 Hole Position 9.125 ± 0.625

W2 Hold Down Tape Position 0.5 Max

H Height From Tape Center 19.0±1.0
To Component Base

Ho Seating Plane Height 16.0±0.5

H1 Component Height 40 Max I 46.5
Max

Do Feed Hole Diameter 4.0 ± 0.2

t Total Tape Thickness 0.7 ± 0.2

L Length of Clipped Lead 12.0 Max

p Component Alignment 30 Max

Tape and Reel Data
• Conforms to ANSI and EIA Specifications

• Can be supplied to IEC publication 286-2

• Radial devices on tape and reel are supplied with either
crimped leads, straight leads, or under-crimped leads.

• Crimped leads are standard on LA types supplied in tape
and reel and are denoted by the model leiter "T". Also, in
tape and reel, model leiter "SO denotes straight leads and
leller ·U" denotes special under-crimped leads.

Example:

UNDER
STANDARD CRIMPED STRAIGHT CRIMP

MODEL LEADS LEADS LEADS

V130LA20C V130LT20C V130LS20C V130LU20C

DEVICE QUANTITY PER REEL

SIZE "T" REEL "S" REEL "U" REEL

14mm 500 500 500

20mm 500 500 500

Package Outline Dimensions
t::fJD:j T

A

~
25.4

J'h (1.00)
IIIN

VARISTOR MODEL SIZE

14mm 20mm

SYMBOL MIN MAX MIN MAX

A 13.5 20 17.5 26.5
(0.531) (0.787) (0.689) (1.043)

0D 13.5 17 17.5 23
(0.531) (0.669) (0.689) (0.906)

e 6.5 8.5 6.5 8.5
(0.256) (0.335) (0.256) (0.335)

el 1.5 3.5 1.5 3.5
(0.059) (0.138) (0.059) (0.138)

E 5.6 5.6
(0.220) (0.220)

0b 0.76 0.86 0.76 0.86
(0.030) (0.034) (0.030) (0.034)

Dimensions are in millimeters (inches)
NOTE: 10mm lead spacing also available. See additional lead style
options.



Additional Lead Style Options The Origins of Surge Overvoltages
Radial lead types can be supplied with combination pre- There are a wide variety of transient overvoltage
formed crimp and trimmed leads. This option is supplied to environments, each with radically different levels of
the dimensions shown below. exposure. Transients may be caused by lightning, which can

VARISTOR MODEL SIZE
inject very high currents into the electrical system, or by
switching transients. Lightning strikes usually occur to the

14mm 20mm primary transmission lines with resulting coupling to the
SYMBOL MIN MAX MIN MAX secondary line through mutual inductive or capacitive

A 24.5 31 coupling. Even a lightning hit that misses the primary AC line
(0.96) (1.22) can induce substantial voltage onto the primary conductors,

LTR1M 2.41 4.69 2.41 4.69 triggering lightning arresters and thus creating transients.

(0.095) (0.185) (0.095) (0.185) Switching transients, while of a lower magnitude than light-
NOTE: Dimensionsare in millimeters(inches) ning, occur more frequently and thus are of a greater threat

to the AC system. Switching transients may result from fuse
blowing, capacitor bank switching, fault clearing or grid
switching.

',..,,~T Q Field studies and laboratory investigation of residential and
industrial low power AC voltage systems have shown that
the amplitude of a transient is proportional to the rate of its

Plane ",1 ~ occurrence, Le. lower magnitude transients occur most

TLtrim often. Governing bodies, in particular IEC, UL, IEEE and
ANSI have established guidelines on the transient

Crimped and Trimmed Lead
environment one may expect to encounter in a low voltage
AC power system. Table 1 reflects the surge voltages and
currents deemed to represent the indoor environment.

TRANSIENT WAVEFORMI
'Seating plane interpretation per IEC-717 LOCATION CATEGORY MAGNITUDE

• To order this crimped and trimmed lead style, the standard A Long BranchCircuits 0.5J.1s 6kVradial type model number "LA" is changed to the model and Outlets 100kHz 200A
number "LC". This option is supplied in bulk only.

Example: B MajorFeedersand 1.2150J.ls 6kV

I STANDARD MODEL I ORDER AS I
ShortBranchCircuits 8/20J.ls 3kA

I V130LA20C I V130LC20C I 0.5J.1s 6kV
100kHz 500A

• For 10 ± 1mm lead spacing on 20mm units only; append
standard model numbers by adding "X10" suffix.

Example:

I STANDARD MODEL I ORDER AS I
V130LA20C I V130LA20CX10 I

• For other lead style variations to the above, please contact
Harris Semiconductor Power Marketing

a:(J)
01-
1-0
(J)::l-0a:O
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The new "C" III series of Harris radial MOVs represent the
third generation of improvements in device performance and
characteristics. The technology effort involved in the devel-
opment of this new series concentrated on extending the
existing performance and capability of the Harris second
generation of metal oxide varistors.

The characteristics of greatest importance for a metal oxide
varistor in an AC surge environment are the peak current,
energy handling, repetitive surge and temporary over-volt-
age capabilities. The focus of the design effort was on
improving these characteristics and therefore offering the
maximum protection presently available to the end user.

The new "C" III series are designed to survive the harsh
environments of the AC low-power indoor environment.
Their much improved surge withstand capability is well in
excess of the transients expected in the AC mains environ-
ment. Further design rules for the development of the "C" III
series included considerations of the expected steady state
operating conditions and the repetitive surge environment.

Investigation of the AC low-power indoor environment show
that most transients occur where the power enters the build-
ing and at major feeders and short branch circuits. Surges
recorded at this service entrance, location Category B from
C62.41-1992, may be both oscillatory and unidirectional in
nature. The typical "lightning surge" has been established as
a 1.2150IlSvoltage wave and a 8/20IlS current wave. A short
circuit current of 3000A and open circuit voltage 6000V are
the expected worst case transients at this location.

REFERENCE TEST TEST
TEST STANDARD CONDITIONS RESULTS

Surge UL 1449 9000A 0/165
Current IEEE/ANSI (8/2Olls)

C62.41 1 Pulse

IEC 1051 7000A 0/105
(8/2OIlS)
2 Pulses

3000A 0175
(8/2OIlS)
20 Pulses

750A 0/65
(8/2OIlS)
120Pulses

Surge UL 1449 90J 0/125
Energy IEEElANSI (2ms)

C62.41 1 Pulse
IEC 1051

Operating Mil-Std-202 125°C,1000 0/180
Life Method204D Hours,Rated

BiasVoltage

Temporary N/A 120%Maxi- 0170
Overvoltage mumRated

Varistor
VoltageFor5
minutes

The further into the facility one goes, the lower the magni-
tude of the transients encountered. ANSI/IEEE C62.41 dif-
ferentiates between the service entrance and the interior of a
facility. Per this specification, the internal location or long
branch circuits and outlets are classified as Location Cate-
gory A. The transients encountered here have oscillatory
waveshapes with frequency ranges from 5kHz to 500kHz;
with 100kHz deemed most common. Transients of the mag-
nitude of 500A are expected in this location.

The electrical ratings of the "C" III series of MOVs are con-
servatively stated. Samples of these devices have been
tested under additional stresses, over and above those
called out in the datasheet. The results of this testing show
an enhanced device performance.

The series of stress tests to which the units were subjected
are a combination of electrical, environmental and mechani-
cal tests. A summary of the reliability tests performed on the
"C" III series are described in Table 2

The "C" III series of metal oxide varistors was designed for
use on the AC line. The varistor is connected across the AC
line and is biased with a constant amplitude sinusoidal volt-
age. It should be noted that the definition of failure is a shift
in the nominal varistor voltage (VN) exceeding ± 10%.
Although this type of varistor is still functioning normally after
this magnitude of shift, devices at the lower extremities of VN
tolerance will begin to dissipate more power.

Because of this possibility, an extensive series of statistically
designed tests were performed to determine the reliability of
the "C" III type of varistor under AC bias combined with high
levels of temperature stress. To date, this test has generated
over 50,000 device hours of operation at a temperature of
+125°C, although only rated at +850C. Changes in the nomi-
nal varistor voltage, measured at 1mA, of less than 2% have
been recorded (Figure 8).

Transient Surge Current/Energy
Capability
The transient surge rating serves as an excellent figure of
merit for the "C" III suppressor. This inherent surge handling
capability is one of the new "C" III suppressor's best fea-
tures. The enhanced surge absorption capability results from
improved process uniformity and enhanced construction.
The homogeneity of the raw material powder and improved
control over the sintering and assembly processes are con-
tributing factors to this improvement.

In the low power AC mains environment, industry governing
bodies (UL, IEC, NEMA and IEEE) all suggest that the worst
case surge occurrence will be 3kA. Such a transient event
may occur up to five times over the equipment life time
(approximately 10 years). While the occurrences of five 3



kiloamps transients is the required capability, the conserva-
tively rated, repetitive surge current for the "C" III series is 20
pulses for the 20mm units and 10 pulses for the 14mm
series.

As a measure of the inherent device capability, samples of
the 20mm V130LA20C devices were subjected to a worst
case repetitive transient surges test. After 100 pulses, each
of 3kA, there was negligible change in the device character-
istics. Changes in the clamping voltage, measured at 100
amps, of less than 3% were recorded (Figure 9). Samples of
the 14mm Series V175LA20C were subjected to repetitive
surge occurrences of 750A. Again, there was negligible
changes in any of the device characteristics after 250 pulses
(Figure 10). In both cases the inherent device capability is
far in excess of the expected worst case scenario.

Terms and Descriptions
Rated AC Voltage (VM(AC)RMS)
This is the maximum continuous sinusoidal voltage which
may be applied to the MOV. This voltage may be applied at
any temperature up to the maximum operating temperature
of +850C.

Maximum Non-Repetitive Surge Current (ITM)

This is the maximum peak current which may be applied for
an 8/20~s impulse, with rated line voltage also applied, with-
out causing device failure. (See Figure 2)

Maximum Non-Repetitive Surge Energy (WTM)

This is the maximum rated transient energy which may be
dissipated for a single current pulse at a specified impulse
and duration (2ms), with the rated VRMS applied, without
causing device failure.

Nominal Voltage (VN(DC))
This is the voltage at which the device changes from the off
state to the on state and enters its conduction mode of oper-
ation. This voltage is characterized at the 1mA point and has
specified minimum and maximum voltage levels.

Clamping Voltage {Vel

This is the peak voltage appearing across the MOV when
measured at conditions of specified pulse current amplitude
and specified waveform (8/20~s)

V130LA20C
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FIGURE 8. HIGH TEMPERATURE OPERATING LIFE 125°C
FOR 1000 HOURS AT RATED BIAS
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FIGURE 9. TYPICAL REPETITIVE SURGE CURRENT CAPA·
BILITY OF "C" III SERIES MOVs
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HARRIS
SEMICONDUCTOR CA Series

Industrial High Energy Metal-Oxide
Disc Varistors

• Provided Unpackaged For Unique Packaging By Customer

• Solderable Electrode Finish Also Provides Pressure Contacts for
Stacking Applications

• Available Disc Sizes 32mm, 40mm, and 60mm Diameter

• Wide Operating Voltage Range VM(AC)RMS •••••••••• 130V to 2800V

• Wide Peak Pulse Current Range ITM ..........• 20,OOOAto 70,OOOA

• Very High Energy Capability WTM .............••• 200J to 10,OOOJ

CA series transient surge suppressors are industrial high-
energy disc varistors intended for special applications requir-
ing unique contact or packaging considerations. The elec-
trode finish of these devices is solderable and can also be
used as pressure contacts for stacking applications.

These CA series industrial disc varistors are available in

three diameter sizes: 32, 40, and 60mm, with disc thick-
nesses ranging from 1.8mm minimum to 32mm maximum.
They offer a wide voltage range of from 130 to 2800
VM(AC)RMS

For information on mounting considerations refer to Applica-
tions Brief AB-8820.

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(ACIRMS).
DC Voltage Range (VM(DCI) ..

Transient:
Peak Pulse Current (ITM)
For 8/20~s Current Wave (See Figure 2) .
Single Pulse Energy Range
For 1Oil OOO~sCurrent Wave (WTM)....

Operating Ambient Temperature Range (TA)'

Storage Temperature Range (TSTG) .

Temperature Coefficient (aV) of Clamping Voltage (Vc) at Specified Test Current.

CA SERIES UNITS

130 to 2800 V
175 to 3500 V

20.000 to 70,000 A

200 to 10,000

-55 to +85 °c
-55 to +125 °c

<0.01 %PC



MAXIMUM RATINGS (+85°C) SPECIFICATIONS (+25°C)

CONTINUOUS TRANSIENT MAX
CLAMPING

VOLT Vc
PEAK AT200A TYPICAL

ENERGY CURRENT VARISTOR VOLTAGE AT CURRENT CAPACI-
VRMS Voc (2ms) (812OIlS) lmA DC TEST CURRENT (8I2OIlS) TANCE

MODEL SIZE VM(AC) VM(DC) WTM ITM MIN VN(OC) MAX Vc f= lMHz

NUMBER (mm) (V) (V) (J) (A) (V) (V) (V) (V) (pF)

V131CA32 32 130 175 200 20000 184 200 228 350 4700
V131CA40 40 270 30000 345 10000

V151CA32 32 150 200 220 20000 212 240 268 410 4000
V151CA40 40 300 30000 405 8000

V251CA32 32 250 330 330 20000 354 390 429 680 2500
V251CA40 40 370 30000 650 5000
V251CA60 60 880 50000 620 10000

V271CA32 32 275 369 360 20000 389 430 473 750 2200
V271CA40 40 400 30000 730 4500
V271CA60 60 950 50000 680 9000

V321CA32 32 320 420 390 20000 462 510 539 850 1900
V321CA40 40 460 30000 830 3800
V321CA60 60 1100 50000 760 7500

V421CA32 32 420 560 400 25000 610 680 748 1200 1500
V421CA40 40 600 40000 1130 3000
V421CA60 60 1500 70000 1060 6000
V481CA32 32 480 640 450 25000 670 750 825 1300 1300
V481CA40 40 650 40000 1240 2700
V481CA60 60 1600 70000 1160 5500

V511CA32 32 510 675 500 25000 735 820 910 1440 1200
V511CA40 40 700 40000 1350 2500
V511CA60 60 1800 70000 1300 5000
V571CA32 32 575 730 550 25000 805 910 1000 1600 1100
V571CA40 40 770 40000 1480 2200
V571CA60 60 2100 70000 1420 4500
V661CA32 32 660 850 600 25000 940 1050 1160 1820 1000
V661CA40 40 900 40000 1720 2000
V661CA60 60 2300 70000 1640 4000
V751CA32 32 750 970 700 25000 1080 1200 1320 2050 800
V751CA40 40 1050 40000 2000 1800
V751CA60 60 2600 70000 1880 3500
V881CA60 60 880 1150 3200 70000 1290 1500 1650 2340 2700
Vl12CA60 60 1100 1400 3200 70000 1620 1800 2060 2940 2200
V142CA60 60 1400 1750 5000 70000 2020 2200 2550 3600 1800
V172CA60 60 1700 2150 6000 70000 2500 2700 3030 4300 1500
V202CA60 60 2000 2500 7500 70000 2970 3300 3630 5200 1200
V242CA60 60 2400 3000 8600 70000 3510 3900 4290 6200 1000
V282CA60 60 2800 3500 10000 70000 4230 4700 5170 7400 800

Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific

device. Furthermore, the operating values need to be
derated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.

a:(/)
01-
I-U(/)::::l-0a:O
;;~



" '-
1'-,

'-
"

100

~ 90...•
~ 80
fil 70

~ 60a:
15 50

!Z 40

~ 30
a:
~ 20

10

o
·55 50 60 70 80 90 100 110 120 130 140 150

AMBIENT TEMPERATURE (OC)

w 100
:>...•

90~
"..
W
l1.

50...
0
f-
Zw
0a: 10w
l1.

0, TIME

T2

0, ; Virtual Origin of Wave
T ; Time From 10% to 90% of Peak

T 1 ; Virtual Front Time; 1.25 • t
T2 ; Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20~s Current Waveform:
8~s ; T1 ; Virtual Front Time

20~s ; T2; Virtual Time to Half Value

FIGURE 2. PEAK PULSE CURRENT TEST WAVEFORM

MAXIMUM CLAMPING VOLTAGE

DISC SIZE 32mm
130 TO 750 VM(AC) RATlNG
T A = -SSOC10 +85°C

~
I!? 2,000

~
"~ 1,000
0. 900
:E 800i 700
l< 600
~ 500

400

200
10-3 10-2 10-1 100 101 1Q2 103 104 105

PEAK AMPERES

FIGURE 3, CLAMPING VOLTAGE FORV131CA32 - C751CA32

10.1 100 10' 102 103 104 10'
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FIGURE 5. CLAMPING VOLTAGE FOR V251CA60 - V881CA60

MAXIMUM CLAMPING VOLTAGE
DISC SIZE 40mm

130 TO 750 VM(AC) RATING
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FIGURE 4. CLAMPING VOLTAGE FOR V131CA40 - V751CA40

MAX CLAMPING VOLTAGE
DISC SIZE 60mm
1100 TO 2800VM(AC) RATING
TA = -55°C TO +850C

~
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~ 6,000 V282CA60
:ll 5,000 V242CA60

4,000 V202CA60

V172CA60
3,000 V142CA60
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FIGURE 6. CLAMPING VOLTAGE FOR V112CA60 - V282CA60
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FIGURE 7. SURGE CURRENT RATING CURVES FOR
V131 CA32 - V321 CA32
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FIGURE 11. SURGE CURRENT RATING CURVES FOR
V251CA60 - V321CA60
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FIGURE 8. SURGE CURRENT RATING CURVES FOR
V421CA32 - V751CA32
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FIGURE 12. SURGE CURRENT RATING CURVES FOR
V421CA60 - V282CA60

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)' may result in the device not meeting the original published specifications, but does not prevent the device from
continuing to function, and to provide ample protection.
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Series Dimensions
PASSIVATION

ELECTRODE COLLARA-~r NOMINAL
SIZE

32

40

~
ELECTRODE

60

-
~ I--THICKNESSDIAMETER

(SEE TABLE)

THICKNESS (32mm DISC) THICKNESS (40mm AND 60mm DISC)

MilLIMETERS INCHES MilLIMETERS INCHES
VRMS

VM(AC) MIN MAX MIN MAX MIN MAX MIN MAX

130t 1.8 2.4 0.071 0.094 2.5 3.4 0.098 0.134

150t 2.1 2.8 0.083 0.110 2.8 3.8 0.110 0.150

250 1.6 2.2 0.063 0.087 2.0 2.7 0.079 0.106

275 1.8 2.5 0.071 0.098 2.2 3.0 0.087 0.118

320 2.1 2.9 0.083 0.114 2.6 3.5 0.102 0.138

420 2.9 3.9 0.114 0.154 3.5 4.7 0.138 0.185

480 3.1 4.3 0.122 0.169 3.8 5.2 0.150 0.205

510 3.5 4.7 0.138 0.185 4.2 5.7 0.165 0.224

575 3.8 5.1 0.150 0.201 4.6 6.3 0.181 0.248

660 4.4 6.0 0.173 0.236 5.3 7.2 0.209 0.283

750 5.1 6.9 0.240 0.327 6.1 8.3 0.240 0.327

880tt 7.3 10.3 0.287 0.406

1100tt 9.2 13.0 0.362 0.512

1400tt 11.5 16.0 0.453 0.630

1700tt 14.0 19.0 0.551 0.748

2000tt 17.0 22.5 0.669 0.886

2400tt 20.0 27.0 0.787 1.063

2800tt 24.0 32.0 0.945 1.260

t Available In 60mm size only.

tt Available In 32mm and 40mm only.

NOTE: Parts available with soldered tabs, to customer specific requirements or standard design.
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HARRIS
SEMICONDUCTOR CH Series

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E75961 to Std. 1449

• Recognized as "Protectors for Data Communication and Fire Alarm
Circuits", UL File #E135010 to Std. 4978

Surface Mount Chip Intended for Hybrid-Circuit Applications

• Voltage Ratings VM(AC)RMS ••••.•.......•..•........ 10V to 275V

• Available in Tape and Reel for use with Automatic Pick and Place
Equipment

• Compatible with Most Surface-Mounting Assembly Equipment and
Techniques

CH series transient surge suppressors are small, very com-
pact metal-oxide varistors. They are intended for use in
hybrid circuit applications in commercial and industrial
equipment utilizing direct surface-mounting techniques.

These devices. which have significantly lower profiles than
traditional radial-lead varistors. permit designers to reduce

the size and weight and increase the reliability of their equip-
ment designs.

CH series varistors are available in a voltage range from
10V to 275V VM(AC)RMS. and energy ratings up to 23J.

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(AC)RMS)......•...•....•...................................
DC Voltage Range (VM(DC)) ......................•...............................

Transient:
Peak Pulse Current (ITM)
For 8/20I1SCurrent Wave (See Figure 2) ........•..................
Single Pulse Energy Range
For 10/1OOOI1SCurrent Wave (WTM)............•...•...............................

Operating Ambient Temperature Range (TA) . . . . . . . . . . . . . . . . . . . .........•..........

Storage Temperature Range (TSTG)' ...........................................•....•

Temperature Coefficient (eN) of Clamping Voltage (Vc) at Specified Test Current .

CH SERIES UNITS

V
10 to 275 V
14 to 369

250 to 500 A

0.8 to 23 J
-55 to +125 °C

-55 to +150 °C

<0.01 %I"C
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Device Ratings and Specifications
V82 - V240 CH Varistors are listed under UL file #E75961 as a recognized component.
Series CH Varistors are listed under UL file #E135010 as a recognized component.

MAXIMUM RATINGS (+125°C) SPECIFICATIONS (+25OC)

CONTINUOUS TRANSIENT

PEAK MAX CLAMPING TYPICAL
ENERGY CURRENT VARISTOR VOLTAGE AT 1mA VOLT Vc AT TEST CAPACI-

VRMS Voc (1011000~s) (8120~s) DC TEST CURRENT CURRENT (8120~s) TANCE

VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc Ip f= 1MHz
MODEL

NUMBER (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

V22CH8 14 18 10.0 250 18.7 22.0 26.0 47 5 1600
(Note 3) (Note 2)

V27CH8 17 22 1.0 250 23.0 27.0 31.1 57 5 1300

V33CH8 20 26 1.2 250 29.5 33.0 36.5 68 5 1100

V39CH8 25 31 1.5 250 35.0 39.0 43.0 79 5 900

V47CH8 30 38 1.8 250 42.0 47.0 52.0 92 5 800

V56CH8 35 45 2.3 250 50.0 56.0 62.0 107 5 700

V120CH8 75 102 6.0 500 108.0 120.0 132.0 200 10 300

V150CH8 95 127 8.0 500 135.0 150.0 165.0 250 10 250

V180CH8 115 153 10.0 500 162.0 180.0 198.0 295 10 200

V200CH8 130 175 11.0 500 184.0 200.0 228.0 340 10 180

V220CH8 140 180 12.0 500 198.0 220.0 242.0 360 10 160

V240CH8 150 200 13.0 500 212.0 240.0 268.0 395 10 150

V360CH8 230 300 20.0 500 324.0 360.0 396.0 595 10 100

V390CH8 250 330 21.0 500 354.0 390.0 429.0 650 10 90

V430CH8 275 369 23.0 500 389.0 430.0 473.0 710 10 80

NOTES:

1. Power dissipation of transients not to exceed 0.25W.

2. Energy rating for impulse duration of 30ms minimum to one half of peak current value.

3. Also rated to withstand 24V for 5 minutes.

Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Characteristics table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE
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01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T 1 = Virtual Front Time = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20llS Current Waveform:
811S= T1 = Virtual Front Time

20llS = T2 = Virtual Time to Half Value

MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 5 x 8mm
18 TO S6VN(DC)RATING
TA = ·SSoc TO +12SoC

~ 200
Ul!:;

~ lij
~ 60
::E 50i 40

~ 30

20

10
10.3 10.2 10" 10· 10' 10' 103

PEAK AMPERES (A)

FIGURE 3. CLAMPING VOLTAGE FOR V18CH8 • V68CH8

10.2 10.1 10· 10' 10' 103 10'
PEAK AMPERES (A)

FIGURE 4. CLAMPING VOLTAGE FOR V82CH8· V430CH8

100 1,000 10,000
IMPULSE DURATION (llS)

FIGURE 5. SURGE CURRENT RATING CURVES FOR FIGURE 6. SURGE CURRENT RATING CURVES FOR
V18CH8· V68CH8 V82CH8- V430CH8

NOTE: If pulse ratings are exceeded, a shift of VN(DC)(at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)'may result in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide ample protection.
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INCHES MilLIMETERS

SYMBOL MIN MAX MIN MAX

D 0.080 2.03

E 0.016 0.050 0.41 1.27

l 0.311 0.335 790 8.51

W 0.185 0.207 4.70 5.26

Ordering Information
Standard Packaging:

CH Series varistors are always shipped in tape and reel. The
standard 13-inch reel utilized contains 4000 pieces.

Special Packaging:

Option 1 -7-inch reels containing 1000 pieces are available.
To order 7-inch reels add a T suffix to the part number; e.g.,
V47CH8T.

Option 2 -For small quantities (less than 100 pieces) the
units are shipped bulk pack. To order, add a S suffix to the
part number; e.g., V47CH8S.

Tape and Reel Specifications

• Conforms to EIA-481, Revision A

• Can be Supplied to lEG Publication 286-3

T--11-- CROSS SECTIONI (REF. PLANE FOR Ao & Bo)

/

~

R~INIMUM

I
,. BENDING
f I RADIUS

REELED RADIUS DETAILS

-I
B

L
A--I

SYMBOL INCHES MilLIMETERS

A 0.402 10.21

B 0.216 5.50

C 0.087 2.21

NOTE: Avoid metal runs in this area. Soldering recommendations:
Material - 62/36/2 Sn/Pb/Ag or equivalent. Temperature - 230°C
max., 5 sec. max. Flux - R.M.A.

SYMBOL PARAMETER SIZE (mm)

Bo Cavity Length 8.5 ± 0.1

Ao Cavity Width 5.5 ± 0.1

Ko Cavity Depth 2.0 Min.

+0.10
Ho Ref. Plane for Ao and Bo 0.3

-0.05

R1,R2,R3 Tape Cavity Radii 0.5 Max.

T Carrier Tape Thickness 1.0 Max.

T1 Cover Tape Thickness 0.1 Max.

E Sprocket Hole from Edge 1.75 ± 0.1

- Po Sprocket Hole Pitch 4.0 ± 0.1

+0.1
D Sprocket Hole Diameter 1.5

-0.0

P2 Hole Centre to Component Centre 2.0 ± 0.15

R4 Min. Bending Radius 40.0 Min.

D1 Ejection Hole Dia. 1.5Min.

K Overall Thickness 3.0 Min.

P Pitch Of Component 8.0 ± 0.1

F Sprocket Hole to Ejection Hole 7.5 ± 0.1

W Carrier Tape Width 16.0 ± 0.3



HARRIS
SEMICONDUCTOR CPSeries

• Unique Coaxial Design and Mounting Arrangement

• Designed to be Integrated Within Standard Connector Assemblies

• Self Contained Tubular Construction

• Adds Negligible Weight and Space When Assembled Into Standard
Connectors

• Wide Operating Voltage Range VM(AC)RMS 6V to 150V

• Can be Used with 16, 20, or 22 Gauge Connector Pins

The CP series of transient voltage surge suppressors are
connector pin metal-oxide varistors that utilize a self con-
tained tubular construction. These varistors are available in
a wide range of voltage ratings from 6V to 150V VM(AClRMS'
and have dimensions allowing them to be used with 16, 20,

or 22 gauge connector pins. The unique coaxial mounting
arrangement of these tubular varistors allow them to
become part of a transmission line; thus, inductive lead
effects are eliminated.

Continuous:
SteadyStateAppliedVoltage:
AC VoltageRange(VM(AC)RMS)....•............•.
DCVoltageRange(VM(oC))

Transient:
PeakPulseCurrent(ITM)
For8/20J.ls CurrentWave(SeeFigure2)
SinglePulseEnergyRange
For 10/1000J.ls CurrentWave(WTM).... . ....•.................•........•...•...

OperatingAmbientTemperatureRange(TA).....................•.............•...•...
StorageTemperatureRange(Tsm)· .
TemperatureCoefficient(aV) of ClampingVoltage(Vel at SpecifiedTestCurrent ......•......

CPSERIES UNITS

6 to 150 V
8 to 150 V

250to 500 A

1.5to 5 J

-55 to +125 °C
-55 to +150 °c

<0.01 %I"c
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Device Ratings and Specifications CP Series

MAXIMUM RATINGS (+125°C) SPECIFICATIONS (+25°C)

CONTINUOUS TRANSIENT MAX. CLAMPING
ENERGY PEAK VOLTAGE Vc AT CAPACI-

(101 CURRENT VARISTOR VOLTAGE AT TEST CURRENT TANCEAT
VRMS Voc 1000~s) (8120~s) lmA DC TEST CURRENT (8/20~s) f= lMHz

MODEL PART VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc Ip MIN MAX

NUMBER SIZE (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF) (pF)

V8CP22 22B 6.0 8.0 1.5 250 12.5 16.0 19.5 34.0 10 1600 2950

V14CP22 228 10.0 14.0 1.5 250 18.5 22.0 25.5 42.0 10 1600 2950

V31CP22 228 25.0 31.0 1.5 250 35.0 39.0 48.0 85.0 5 450 1950

V38CP22 228 30.0 38.0 1.5 250 42.0 47.0 58.0 100.0 5 450 1950

V130CP22 22A 130.0 130.0 2.4 300 184.0 200.0 228.0 375.0 5 150 350

V150CP22 22A 150.0 150.0 2.4 300 212.0 240.0 268.0 430.0 5 100 300

V31CP20 208 25.0 31.0 2.0 300 35.0 39.0 48.0 85.0 10 700 2200

V38CP20 208' 30.0 38.0 2.0 300 42.0 47.0 58.0 100.0 10 650 1950

V130CP20 20A 130.0 130.0 3.0 400 184.0 200.0 228.0 375.0 10 150 400

V150CP20 20A 150.0 150.0 3.0 400 212.0 240.0 268.0 430.0 10 100 350
V38CP16 16A 30.0 38.0 3.0 350 42.0 47.0 58.0 100.0 20 1000 2750
V130CP16 16A 130.0 130.0 5.0 500 184.0 200.0 228.0 375.0 20 250 700
V150CP16 16A 150.0 150.0 5.0 500 212.0 240.0 268.0 430.0 20 200 650

Average power dissipation of transients not to exceed 250mW, 300mW and 350mW for sizes 22AWG. 20AWG and 16AWG, respectively.

LEAKAGE CURRENT AT VT(OC)

+25°C +1250C

IL IL IL IL
MODEL PART TYP MAX TYP MAX VT(OC)

NUMBER SIZE (~A) (~A) (~A) (~A) (V)
V8CP22 228 0.5 5.0 5.0 50 8
V14CP22 228 0.5 5.0 5.0 50 14

V31CP22 228 0.5 5.0 5.0 50 28
V38CP22 228 0.5 5.0 5.0 50 36
V130CP22 22A 0.5 5.0 25.0 100 130

V150CP22 22A 0.5 5.0 25.0 100 150

V31CP20 208 0.5 5.0 5.0 50 28
V38CP20 208 0.5 5.0 5.0 50 36
V130CP20 20A 0.5 5.0 25.0 100 130
V150CP20 20A 0.5 5.0 25.0 100 150
V38CP16 16A 0.5 5.0 5.0 50 36
V130CP16 16A 0.5 5.0 25.0 100 130
V150CP16 16A 0.5 5.0 25.0 100 150

Power Dissipation Ratings
Continuous power dissipation capability is not an applicable
design requirement for a suppressor. unless transients occur in
rapid succession. Under this condition, the average power dissi-
pation required is simply the energy (wall-seconds) per pulse
times the number of pulses per second. The power so devel-
oped must be within the specifications shown on the Device
Ratings and Specifications table for the specific device. Further-
more, the operating values need to be derated at high tempera-
tures as shown in Figure 1. Because varistors can only dissipate
a relatively small amount of average power they are, therefore,
not suitable for repetitive applications that involve substantial
amounts of average power dissipation.
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~ 80 t-+-+-+-+~~+-+-t-+--4--1
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FIGURE 1. CURRENT, ENERGY, AND POWER DERATING
CURVE

w 100

:3
~ 90
lo:
~
Q.

lL 50o
!Z
woa:
~ 10

I
I
I

I
I I

-+-t----
I I
I I

I I
I I
I I

0,--1 I-- T ~ I I TIME
~ T, :--t
1---- T2 -'--~-f

01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T, = Virtual Front Time = 1.25 .t
T2 = Virtual Time to Half Vaiue (Impulse Duration)

Example: For an 8/20~s Current Waveform:
8~s = T1 = Virtual Front Time

20~s = T2 = Virtual Time to Half Value



MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 16 GAUGE
38VM(DCJ RATING
TA = -55 C TO +1250C
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FIGURE 3. CLAMPING VOLTAGE FOR V38CP16
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MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 16 GAUGE
130 TO 150VM(AC) RATING
TA = ·550C TO +1250C

300 3,000MAXIMUM CLAMPING VOLTAGE MAXIMUM CLAMPING VOLTAGEMODEL SIZE 20 GAUGE MODEL SIZE 20 GAUGE
200 31 TO 38VMfDC) RATING

2,000 130 TO 150VM(AC~ RATING a:(J)TA = -55°C 0 +125OC
~ ~
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FIGURE 5. CLAMPING VOLTAGE FOR V31CP20 - C38CP20

MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 22 GAUGE
31 TO 38VM(DC) RATING
TA = -55°C TO +1250C~
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FIGURE 7. CLAMPING VOLTAGE FOR V31 CP22 - V38CP22
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FIGURE 4. CLAMPING VOLTAGE FOR V130CP16 - V150CP16
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FIGURE 6. CLAMPING VOLTAGE FOR V130CP20 - V150CP20
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FIGURE 8. CLAMPING VOLTAGE FOR V130CP22 - V150CP22



MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 22 GAUGE
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TA = -55 C TO +1250C
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FIGURE 9. CLAMPING VOLTAGE FOR V14CP22
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MODEL SIZE 22 GAUGE
8VM(DC)RATING
TA = -55°C TO +1250C
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FIGURE 10. CLAMPING VOLTAGE FOR V8CP22
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FIGURE 11. SURGE CURRENT RATING CURVES FORV38CP16
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FIGURE 12. SURGE CURRENT RATING CURVES FOR
V130CP16 - V150CP16
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FIGURE 14. SURGE CURRENT RATING CURVES FOR
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FIGURE 15. SURGE CURRENT RATING CURVES FOR
V8CP22 • V38CP22
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FIGURE 16. SURGE CURRENT RATING CURVES FOR
V13OCP22· V150CP22

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which nor-
mally resu~s in a decrease of VN(DC)' may resu~ in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide ample protection.

Package Outline Dimensions
EXTERNAL

ELECTRODE

~

PA~AnoN

+ ~J...

0
1 I~I0.200 ~

MIN
(0.008)

0.200
MIN
(0.008)

INTERNAL EXTERNAL PASSIVATION

PART
DIAMETER (01) DIAMETER (02) DIAMETER (03)

SIZE MIN MAX MIN MAX MIN MAX

22A 0.86 1.02 1.73 1.88 1.83 1.98
(0.034) (0.040) (0.068) (0.074) (0.072) (0.078)

22B 0.86 1.25 1.73 1.88 1.83 1.98
(0.034) (0.049) (0.068) (0.074) (0.072) (0.078)

20A 1.09 1.25 2.08 2.39 2.18 2.54
(0.043) (0.049) (0.082) (0.094) (0.086) (0.100)

20B 1.09 1.83 2.08 2.39 2.18 2.54
(0.043) (0.072) (0.082) (0.094) (0.086) (0.100)

16A 2.27 2.41 3.40 3.56 3.50 3.56
(0.090) (0.095) (0.134) (0.140) (0.138) (0.144)

a:CJ)
01-
1-0
CJ)~-0a:O
~g:



HARRIS
SEMICONDUCTOR CS Series

• Unique Coaxial Design and Mounting Arrangement

• Designed to be Integrated Within Standard Connector Assemblies

• Wide Operating Voltage Range VM(DC)••••••.•••..•.... 8V to 38V

• Self Contained Tubular Construction

• Less Than Half the Length of Standard CP Series

The CS series of transient voltage surge suppressors are
connector pin metal-oxide varistors that utilize a sell con-
tained tubular construction. They are designed to provide
transient surge protection in connector/lilter applications in
aerospace, automotive, computer and associated industries.
These varistors are available in a wide range of voltage rat-
ing from 8VDCto 38VDC'

The CS series of connector suppressors are of similar pack-
age construction to the Harris CP series, but differ in size,
ratings and characteristics. They offer the advantage of
small size and light weight; key benefits in connector assem-
blies. The unique coaxial mounting arrangement of the CS
series allows them to become an integral part of a transmis-
sion line; thus, inductive lead effects are eliminated.

Continuous:
SteadyStateAppliedVoltage:
DCVoltageRange(VM(DC).....................•....•.................•.........

Transient:
PeakPulseCurrent(ITM)
For 8/20l's CurrentWave(SeeFigure2) ...........•....•.........•...•...•........•
SinglePulseEnergyRange(WTM)
For 10/l000I'S CurrentWave .

OperatingAmbientTemperatureRange(TA) ......•....•.............•...•..••..•••..••

StorageTemperatureRange(TSTG)'.......................................•........•
TemperatureCoefficient(aV)of ClampingVoltage(Vel at SpecifiedTestCurrent ....•.........

CSSERIES UNITS

8 to 38 V

80 to 100 A

0.5
-55 to +125 °C
-55to +150 °C

<0.01 "Ia1"C



MAXIMUM RATINGS (+125°C) SPECIFICATIONS (+25OC)

VARISTOR
VOLTAGE

AT 1mA DC TEST CAPACITANCE AT
CONTINUOUS TRANSIENT CURRENT MAXIMUM f= 1MHz

CLAMPING
PEAK VOLTAGE Vc

ENERGY CURRENT AT 10A
Voc (10/1000~s) (8120~s) VN(OC) (8120~s) C

VM(OC) WTM ITM MIN MAX Vc MIN MAX
MODEL PART

NUMBER SIZE (V) (V) (A) (V) (V) (pF)

V8CS22 22B 8 0.5 80 13.5 19.5 36 830 1550

V14CS22 22B 14 0.5 80 18.5 25.5 44 675 1250

V18CS22 22B 18 0.5 80 22.5 27.9 47 600 1200

V22CS22 22B 22 0.5 100 27.5 34.5 57 540 1050

V26CS22 22B 26 0.5 100 29.5 36.5 68 510 960

V31CS22 228 31 0.5 100 35.0 48.0 85 450 880

V38CS22 22B 38 0.5 100 42.0 58.0 100 350 770

LEAKAGE CURRENT AT VM(OC)

+25OC +125OC

'L TYP ILMAX IL TYP ILMAX

MODEL NUMBER (~A) (~A) (~A) (~A)

V8CS22 0.5 5.0 5.0 50

V14CS22 0.5 5.0 5.0 50

V18CS22 0.5 5.0 5.0 50

V22CS22 0.5 5.0 5.0 50..

V26CS22 0.5 5.0 5.0 50

V31CS22 0.5 5.0 5.0 50

V38CS22 0.5 5.0 5.0 50

0:(J)0 ....
•...0(J)::)-0
0:0;;g:



Continuous power dissipation capability is not an applicable
requirement for a suppressor, unless transients occur in
rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts for average
power dissipation.

w 100
:;)...•

90~~
~
A-
Il. 50
0
!Zw
ua:w 10A-

01

0, = VirtualOrigin Of Wave
T = Time From 10% To 90% Of Peak

T1 = Virtual FrontTime= 1.25x T
T2 = VirtualTimeToHalf Value

(ImpulseDuration)

EXAMPLE:
For an 812011sCurrent
Waveform:
811S= T, = VirtualFrontTime
20llS = T2 = VirtualTime to Ha"

Value

"
\

\
\

\
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100

w 90
:3 90
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~a: 50
~ 40

ffi 30
u 20
ffiA- 10

o
-55 50 60 70 80 90 100 110 120 130 140 150

AMBIENT TEMPERATURE (OC)

MAX CLAMPING VOLTAGE
MODEL SIZE 22 GAUGE
8VM(DC) TO 38VM(DC) RATING

100 TA = -5SoC TO +12SoC

1mA 10mA 100mA 1A 10A 100A
PEAK AMPERES (A)

FIGURE 4. CLAMPING VOLTAGE FOR V8CS22 • V38CS22

I I 1.473 mln I........J 0.200 mln
•.•. ..- •• (0.058 mln) --I (0.008 mln)

4.39 ± 0.25
(0.173 ± 0.010)

NOTE:

1. The CS series of connector pin varistors may also be obtained In
gauge sizes 16A, 20A, 20B, and 22A AWG, and with continuous
operating vo~ages of up to 100 vo~s de. For information on avail-
ability of different voltages and sizes, please contact Harris
Semiconductor Power Marketing.

INTERNAL EXTERNAL PASSIVATION

PART
DIAMETER (01) DIAMETER (02) DIAMETER (03)

SIZE MIN MAX MIN MAX MIN MAX

0.86 1.25 1.73 1.88 1.83 1.98
22B (0.034) (0.049) (0.068) (0.074) (0.072) (0.078)



HARRIS
SEMICONDUCTOR DAtDS Series

• Recognized as "Transient Voltage Surge Suppressors". UL File
#E75961 to Std. 1449

• High Energy Absorption Capability WTM Up To 1050J

• Wide Operating Voltage Range VM(AC)RMS ...•....••• 130V to 750V

• Rigid Terminals for Secure Wire Contact (DA Series)

• Case Design Provides Complete Electrical Isolation of Disc
Subassembly

• Large Diameter Disc ...........................•..••... 40mm

DA and DB series transient surge suppressors are heavy-
duty industrial metal-oxide varistors designed to provide
surge protection for motor controls and power supplies used
in oil-drilling, mining, and transportation equipment. Possible
voltage surges in their AC power supplies could cause
product failure and the subsequent faulty operation of these
systems.

These UL-recognized varistors have identical ratings and
specifications but differ in case construction to provide flexi-
bility in equipment designs.

DA series devices feature rigid terminals to insure secure
wire contacts. Both the DA and DB series feature improved
creep and strike distance capability to minimize breakdown
along the package surface design that provides complete
electrical isolation of the disc subassembly.

a: en
0'"•..0
en;:)-0a:O
~g:

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(AC)RMS)...........•........•...•.....•....•...•...•....•..
DC Voltage Range (VM(DC) ..........•...•............•..............•...........

Transient:
Peak Pulse Current (ITM)
For 8/20l1s Current Wave (See Figure 2) ....•....•...•..............•......
Single Pulse Energy Range
For 10/1OOOI1SCurrent Wave (WTM) .

Operating AmbientTemperature Range (TA) .

Storage Temperature Range (TSTG)' .

Temperature Coefficient (aV) of Clamping Voltage (Vc) at Specified Test Current .

Hi-Pot Encapsulation (Isolation Voltage Capability) .
(Dielectric must withstand indicated DC voltage for one minute per MIL-STD 202, Method 301)

Insulation Resistance .

DAIDB SERIES UNITS

130 to 750 V
175 to 970 V

30,000 to 40,000 A

270 to 1050

-55 to +85 °c
-55 to +125 °c

<0.01 %I"C

5000 V

1000 MQ



Device Ratings and Specifications
Series DA and DB Varistors are listed under UL file #E75961 as a UL recognized component.

MAXIMUM RATINGS (+85°C) SPECIFICATIONS (+25OC)

CONTINUOUS TRANSIENT MAX
CLAMPING

VOLT Vc
PEAK VARISTOR VOLTAGE AT200A TYPICAL

ENERGY CURRENT AT lmA DC TEST CURRENT CAPAC 1-
VRMS Voc (2ms) (8I2OIlS) CURRENT (8/2OIlS) TANCE

MODEL NUMBER VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc f= lMHz

DA DB (V) (V) (J) (A) (V) (V) (V) (V) (pF)

V131DA40 V131DB40 130 175 270 30000 184 200 228 345 10000

V151DA40 V151DB40 150 200 300 30000 212 240 268 405 8000

V251DA40 V251DB40 250 330 370 30000 354 390 429 650 5000

V271DA40 V271DB40 275 369 400 30000 389 430 473 730 4500

V321DA40 V321DB40 320 420 460 30000 462 510 539 830 3800

V421DA40 V421DB40 420 560 600 40000 610 680 748 1130 3000

V481DA40 V481DB40 480 640 650 40000 670 750 825 1240 2700

V511DA40 V511DB40 510 675 700 40000 735 820 910 1350 2500

V571DA40 V571DB40 575 730 770 40000 805 910 1000 1480 2200

V661DA40 V661DB40 660 850 900 40000 940 1050 1160 1720 2000

V751DA40 V751DB40 750 970 1050 40000 1080 1200 1320 2000 1800

NOTE: Average power dissipation of transients not to exceed 2.0W.

Power Dissipation Ratings
Continuous power dissipation capability is not an applicable 100

w "-::> 90design requirement for a suppressor, unless transients occur ..J

in rapid succession. Under this condition, the average power ~ 80
c 70

"-
dissipation required is simply the energy (watt-seconds) per w

pulse times the number of pulses per second. The power so
l;: 60a:

"-
developed must be within the specifications shown on the

u. 50
0 "-Device Ratings and Specifications table for the specific !Z 40

device. Furthermore, the operating values need to be der- w 30
\.

u "-ated at high temperatures as shown in Figure 1. Because
a: 20w0..

varistors can only dissipate a relatively small amount of 10
average power they are, therefore, not suitable for repetitive 0 .- "-
applications that involve substantial amounts of average
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power dissipation. AMBIENTTEMPERATURE1°C)

FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE
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01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T 1 = Virtual Front Time = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20IlS Current Waveform:
81ls = T1 = Virtual Front Time

20llS = T2 = Virtual Time to Half Value

01~t=~~ I TIME
~---T2 ------>-1
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FIGURE 3. CLAMPING VOLTAGE FORV131DA40, V1310B40· V751DA40, V7510B40
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DISC SIZE 40mm
V131DA40· V321DA40
V131D840· V321D840

FIGURE 4. SURGE CURRENT RATING CURVES FOR
V1310A40, V131DB40 - V3210A40, V3210B40
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FIGURE 5. SURGE CURRENT RATING CURVES FOR
V421 OA40, V421 OB40 - V751 OA40

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of V N(DC)' may result in the device not meeting the original published specifications, but it does not prevent the device
from continuing to function, and to provide ample protection.
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Package Outline Dimensions
DASERIES

"A" DIMENSION:
FILISTER HEAD SCREW· 51mm (2.01)
PAN HEAD SCREW· 53mm (2.09)

23mm ± 1mm M4 INTERNATIONAL

~7'~
~i~~G
il'

I 62mm ITr--- (2.44) -----j 4.5mm (0.18)

HOLES 0.21 THRU
BORE 0.343 x 0.328 DP

40.5
1.6 I I (1.6)

(0.06) ---J t--



HARRIS
SEMICONDUCTOR HA Series

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E75961 to Std. 1449

• Recognised as "Transient Voltage Surge Suppressors", CSA File
#LR91788 to Standard C22.2 No. 1-M1981

• Wide Operating Voltage Range VM(AClRMS 130V to 750V

• Two Model Sizes Available ....••••............. 32mm and 40mm

• High Energy Absorption Capability ......•.... WTM = 200J to 1050J

• High Peak Pulse Current Capability ••...• ITM= 25,OOOAto 40,OOOA

• Rigid Terminals for Secure Mounting

• Available in Clipped Version for Through Hole Board Mounting -
Designation "HC"

The HA series of industrial varistors have similar package
construction but differ in size, (32mm and 40mm), ratings
and specifications. The design of the HA series of metal
oxide varistors provide rigid terminals to insure secure
mounting. Also available in a clipped version for through
hole board placement - designation "He".

HA series transient surge suppressors are industrial high
energy metal-oxide varistors. They are designed to provide
secondary surge protection in the outdoor and service
entrance environment (distribution panels), in computers,
and also in industrial applications for motor controls and
power supplies used in the oil-drilling, mining, and transpor-
tation fields. Possible voltage transients in the ac power net-
work could cause product failure and the subsequent faulty
operation of these systems.

Continuous:
SteadyStateAppliedVoltage:
ACVoltageRange(VM(AC)RMSl....•.. _...•.......................................
DCVoltageRange(VM(DC)).. . . . . . . . ..•.. .. . . ..•.......

Transient:
PeakPulseCurrent(ITM)
For8/20~sCurrentWave(SeeFigure2)
SinglePulseEnergyRange
For 10/1OOO~sCurrentWave(WTM)..........................•.............•......

OperatingAmbientTemperatureRange(TA). . .
StorageTemperatureRange(TSTG)' .
TemperatureCoefficient(etV) of ClampingVoltage(Vc)at SpecifiedTestCurrent ......•...•...
Hi-PotEncapsulation(IsolationVoltageCapability). . . . .

(DielectricmustwithstandindicatedDCvoltagefor one minuteper MIL-STD202,
Method301)

HA SERIES UNITS

130to 750 V
175to 970 V

25,000to 40,000 A

200to 1050
-55 to +85 °c
-55 to +125 °c

<0.01 %I"C

2500 V

1000 Mn

a::C/l
01-1-(.)
C/l;:)-0a:: 0
~~



Device Ratings and Specifications
HA Series varistors are listed under CSA File #LR91788 as a recognized component.
HA Series varistors are listed under U.L. File #E75961 as a recognized component.

MAXIMUM RATINGS (+85°C) SPECIFICATIONS (+25°C)

CONTINUOUS TRANSIENT MAXIMUM
CLAMPING

PEAK VARISTOR VOLTAGE VOLTAGE TYPICAL
ENERGY CURRENT AT 1 mA DC TEST (Vel AT 200A CAPACITANCE

VRMS Voc (2ms) (8/20~s) CURRENT (8120~s) ATI= 1MHz

VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc C
MODEL

NUMBER (V) (V) ENERGY (A) (V) (V) (V) (V) (pF)

V131HA32 130 175 200 25000 184 200 228 350 4700
V131HA40 130 175 270 30000 184 200 228 345 10000

V151HA32 150 200 220 25000 212 240 268 410 4000
V151HA40 150 200 300 30000 212 240 268 405 8000

V251HA32 250 330 330 25000 354 390 429 650 2500
V251HA40 250 330 370 40000 354 390 429 630 5000

V271HA32 275 369 360 25000 389 430 473 710 2200
V271HA40 275 369 400 40000 389 430 473 690 4500

V321HA32 320 420 390 25000 462 510 539 845 1900
V321HA40 320 420 460 40000 462 510 539 825 3800

V421HA32 420 560 400 25000 610 680 748 1120 1500
V421HA40 420 560 600 40000 610 680 748 1100 3000

V481HA32 480 640 450 25000 670 750 825 1290 1300
V481HA40 480 640 650 40000 670 750 825 1230 2700

V511HA32 510 675 500 25000 735 820 910 1355 1200
V511HA40 510 675 700 40000 735 820 910 1295 2500

V571HA32 575 730 550 25000 805 910 1000 1570 1100
V571HA40 575 730 770 40000 805 910 1000 1480 2200

V661HA32 660 850 600 25000 940 1050 1160 1820 1000
V661HA40 660 850 900 40000 940 1050 1160 1720 2000

V751HA32 750 970 700 25000 1080 1200 1320 2050 800
V751HA40 750 970 1050 40000 1080 1200 1320 2000 1800

Continuous power dissipation capability is not an applicable
requirement for a suppressor, unless transients occur in
rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts for average
power dissipation.
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE
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01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T 1 = Virtual FrontTime = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20llS Current Waveform:
allS = T 1 = Virtual Front Time

20llS = T2 = Virtual Time to Half Value
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MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 32mm
130 TO 750VM(AC) RATING
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FIGURE 3. CLAMPING VOLTAGE FOR V131HA32 - V751HA32
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FIGURE 4. CLAMPING VOLTAGE FOR V131HA40 - V751HA40
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Pulse Rating Curves (Continued)
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FIGURE 7. SURGE CURRENT RATING CURVES FOR V251HA40· V751HA40
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TABLE 1. HA SERIES OUTLINE SPECIFICATIONS
(Dimensions in Millimeters)

D H B X 0A T T1 S

MAX MAX MIN NOM MAX NOM NOM OFFSET

HA32 35.5 52.00 3.0 25 4.20 9.30 10.4 Depends on
Device Voltage

HMO 42.5 57.00 3.0 25 4.20 9.30 10.4 (See Table 2)

TABLE 2. HASERIESMAXIMUMTHICKNESSANDTERMINAL
OFFSETS (Dimensions in Millimeters)

DIMENSION "S"
THICKNESS "W" (±lmm)

VOLTAGE HA32 HA40 HA32 HMO

V131 - V321 9.00 9.00 3.90 3.90

V421 - V511 11.00 11.00 2.60 2.60

V571 - V751 13.00 13.00 1.00 1.00

TABLE 3. HC SERIES OUTLINE SPECIFICATIONS
(Dimensions in Millimeters)

D H B X T R Sc

MAX MAX MIN NOM NOM MAX OFFSET

HC32 35.5 52.00 5.0 25 9.30 1.0 Depends on
Device Voltage

HC40 42.5 57.00 5.0 25 9.30 1.0 (See Table 4)

TABLE 4. HCSERIESMAXIMUMTHICKNESSANDTERMINAL
OFFSETS (Dimensions in Millimeters)

DIMENSION "Se"
THICKNESS "W" (±lmm)

VOLTAGE HC32 HC40 HC32 HC40

V131 - V321 9.00 9.00 6.00 6.00

V421 - V511 11.00 11.00 7.30 8.10

V571 - V751 13.00 13.00 8.90 10.00



HARRIS
SEMICONDUCTOR LA Series

UL Recognized Radial Lead Metal-Oxide
Varistors for Line Voltage Operation

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E75961 to Standard 1449

• Recognized as "Across-The-Line Components", UL File #E56529 to
Standard 1414

• Recognized as "Protectors for Data Communication and Fire Alarm
Circuits", UL File #E13501 0 to Standard 497B

• Recognized as "Transient Voltage Surge Suppressors", CSA File
#LR91788 to Standard C22.2 No.1- M1981

• High Energy Absorption Capability WTM Up to 360J

• Wide Operating Voltage Range VM(AC)RMS 130V to 750V

• line-Voltage Operation - Can be Operated Directly Across 120V,
240V, etc., AC Power Lines

• Available in Tape and Reel for Automatic Insertion Equipment

LA series transient surge suppressors are radial-lead varis-
tors that can be operated continuously across AC power
lines. These UL recognized varistors "across-the-line" com-
ponents, because of their radial lead construction, require
very little mounting space. This feature is particularly impor-
tant in compact, hard wired system designs.

LA series varistors are available in four model sizes: 7mm,
10mm, 14mm and 20mm; and have a VM(AC)RMSvoltage
range from 130V to 1000V, and an energy absorption
capability up to 360J. Some LA series model numbers are
available with two clamping voltage selections, designated
by a model number prefix of either A or B. The "A" selection
is the standard model; the "B" selection provides a tighter
clamping voltage.

Continuous:
SteadyStateAppliedVoltage:
AC Voltage Range(VM(AC)RMS) ..
DCVoltage Range(VM(DC)' ..

Transients:
PeakPulseCurrent(ITM)

For8/2011S CurrentWave(SeeFigure2)
SinglePulseEnergyRange
For 10/100011S CurrentWave(WTM) ...

OperatingAmbientTemperatureRange(TA) .....•....•...•...•....•....•

StorageTemperatureRange(TSTG)' ...

TemperatureCoefficient(aV) of ClampingVoltage (Vc) at SpecifiedTestCurrent .
Hi-PotEncapsulation(IsolationVoltage Capability). . . .

(DielectricmustwithstandindicatedDCvoltagefor one minuteper MIL-STD202, Method301)
InsulationResistance .

LA SERIES UNITS

130to 1000 V
175to 1200 V

1200to 6500 A

11to 360 J

-55 to +85 °c
-55 to +125 °c

<0.01 %f'c
2500 V

1000 Mil

0:: en01-
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Device Ratings and Specifications
SeriesLA Varistorsare listedunder UL file#E75961 and E56529 as a recognizedcomponent.
SeriesLA Varistorsare listedunder CSA file#LR91788 as a recognizedcomponent.

MAXIMUM RATING (85°C) SPECIFICATIONS (25°C)
CONTINUOUS TRANSIENT VARISTOR MAXIMUM TYPICAL

PEAK VOLTAGE AT CLAMPING CAPACI·
ENERGY CURRENT 1mA DC TEST VOLTAGE TANCE

VRMS Voc 10 x 1!lOO1l5 8 x 20115 CURRENT 8 x 20115 f = 1MHz
MODEL VNOM VNOMSIZE

MODEL DISC DEVICE VM(AC) VM(OC) WTM ITM MIN MAX Vc IpK C
NUMBER DIA.(mm) MARKING (V) (V) (J) (A) (V) (V) (A) (pF)

V130LA1 7 1301 130 175 11 1200 184 255 390 10 180
V130LA2 7 1302 130 175 11 1200 184 228 340 10 180
V130LA5 10 1305 130 175 20 2500 184 228 340 25 450
V130LA10A 14 130L10 130 175 38 4500 184 228 340 50 1000
V130LA20A 20 130L20 130 175 70 6500 184 228 340 100 1900
V130LA20B 20 130L20B 130 175 70 6500 184 220 325 100 1900
V140LA2 7 1402 140 180 12 1200 198 242 360 10 160
V140LA5 10 1405 140 180 22 2500 198 242 360 25 400
V140LA10A 14 140L10 140 180 42 4500 198 242 360 50 900
V140LA20A 20 140L20 140 180 75 6500 198 242 340 100 1750
V150LA1 7 1501 150 200 13 1200 212 284 430 10 150
V150LA2 7 1502 150 200 13 1200 212 268 395 10 150
V150LA5 10 1505 150 200 25 2500 212 268 395 25 360
V150LA10A 14 150L10 150 200 45 4500 212 268 395 50 800
V150LA20A 20 150L20 150 200 80 6500 212 268 395 100 1600
V150LA20B 20 150l20B 150 200 80 6500 212 243 360 100 1600
V175LA2 7 1752 175 225 15 1200 247 303 455 10 130
V175LA5 10 1755 175 225 30 2500 247 303 455 25 350
V175LA10A 14 175L10 175 225 55 4500 247 303 455 50 700
V175LA20A 20 175L20 175 225 90 6500 247 303 455 100 1400
V230LA4 7 2304 230 300 20 1200 324 396 595 10 100
V230LA10 10 230L 230 300 35 2500 324 396 595 25 250
V230LA20A 14 230L20 230 300 70 4500 324 396 595 50 550
V230LA40A 20 230L40 230 300 122 4500 324 396 595 50 1100
V250LA2 7 2502 250 330 21 1200 354 473 730 10 90
V250LA4 7 2504 250 330 21 1200 354 429 650 10 90
V250LA10 10 250L 250 330 40 2500 354 429 650 25 220
V250LA20A 14 250L20 250 330 72 4500 354 429 650 50 500
V250LA40A 20 250L40 250 330 130 6500 354 429 650 100 1000
V250LA40B 20 250L40B 250 330 130 6500 354 413 620 100 1000
V275LA2 7 2752 275 369 23 1200 389 515 775 10 80
V275LA4 7 2754 275 369 23 1200 389 473 710 10 80
V275LA10 10 275L 275 369 45 2500 389 473 710 25 200
V275LA20A 14 275L20 275 369 75 4500 389 473 710 50 450
V275LA40A 20 275L40 275 369 140 6500 389 473 710 100 900
V275LA40B 20 275L40B 275 369 140 6500 389 453 680 100 900



Device Ratings and Specifications (Continued)
Series LA Varistors are listed under UL file #E75961 and E56529 as a recognized component.
Series LA Varistors are listed under CSA file #LR91788 as a recognized component.

MAXIMUM RATING (85°C) SPECIFICATIONS (25°C)

CONTINUOUS TRANSIENT VARISTOR MAXIMUM TYPICAL
PEAK VOLTAGE AT CLAMPING CAPACI-

ENERGY CURRENT 1mA DC TEST VOLTAGE TANCE
VRMS VOC 10 x 10<l0!Js 8 x 20~s CURRENT 8 x 20~s 1= 1MHz

MODEL
VNOM VNOMSIZE

MODEL DISC DEVICE VM(AC) VM(OC) WTM ITM MIN MAX Vc IpK C

NUMBER DIA.(mm) MARKING (V) (V) (J) (A) (V) (V) (A) (pF)

V300LA2 7 3002 300 405 25 1200 420 565 870 10 70

V300LA4 7 3004 300 405 25 1200 420 517 775 10 70

V300LA10 10 300L 300 405 46 2500 420 517 775 25 180

V300LA20A 14 300L20 300 405 77 4500 420 517 775 50 400

V300LA40A 20 300L40 300 405 165 6500 420 517 775 100 800

V320LA7 7 3207 320 420 25 1200 462 565 850 10 65

V320LA10 10 320L 320 420 48 2500 462 565 850 25 170

V320LA20A 14 320L20 320 420 80 4500 462 565 850 50 380

V320LA40B 20 320L40 320 420 150 6500 462 540 810 100 750

V385LA7 7 3857 385 505 27 1200 558 682 1025 10 60

V385LA10 10 385L 385 505 51 2500 558 682 1025 25 160

V385LA20A 14 385L20 385 505 85 4500 558 682 1025 50 360

V385LA40B 20 385L40 385 505 160 6500 558 682 1025 100 700

V420LA7 7 4207 420 560 30 1200 610 748 1120 10 55

V420LA10 10 420L 420 560 55 2500 610 748 1120 25 140

V420LA20A 14 420L20 420 560 90 4500 610 748 1120 50 300

V420LA40B 20 420L40 420 560 160 6500 610 720 1060 100 600

V460LA7 7 4607 460 615 37 1200 702 858 1130 10 55

V480LA7 7 4807 480 640 35 1200 670 825 1240 10 270

V480LA10 10 480L 480 640 60 2500 670 825 1240 25 120

V480LA40A 14 480L40 480 640 105 4500 670 825 1240 50 270

V480LA80B 20 480L80 480 640 180 6500 670 790 1160 100 550

V510LA10 10 510L 510 675 63 2500 735 910 1350 25 100

V510LA40A 14 510L40 510 675 110 4500 735 910 1350 50 250

V510LA80B 20 510L80 510 675 190 6500 735 860 1280 100 500

V575LA10 10 575L 575 730 65 2500 805 1000 1500 25 90

V575LA40A 14 575L40 575 730 120 4500 805 1000 1500 50 220

V575LA80B 20 575L80 575 730 220 6500 805 960 1410 100 450

V625LA10 10 625L 625 825 67 4500 940 1210 1820 25 80

V625LA40A 14 625L40 625 825 125 4500 940 1210 1820 50 210

V625LA80B 20 625L80 625 825 230 6500 940 1100 1650 100 425

V660LA10 10 660L 660 850 70 2500 940 1210 1820 50 70

V660LA50A 14 660L50 660 850 140 4500 940 1210 1820 50 200

V660LA100B 20 660L100 660 850 250 6500 940 1100 1650 100 400

V1000LA80A 14 1000L80 1000 1200 220 4500 1425 1800 2700 50 130

V1000LA160B 20 1000L 160 1000 1200 360 6500 1425 1600 2420 100 250

NOTE: Average power dissipation of transients not to exceed 0.25W, OAW, 0.6W or 1W lor model sizes 7mm, 10mm, 14mm and 20mm,
respectively.
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Power Dissipation Ratings
Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.
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0, = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T1 = Virtual Front Time = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20115 Current Waveform:
8115= T1 = Virtual Front Time

20115= T2 = Virtual Time to Half Value
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MAXIMUM CLAMPING VOLTAGE
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FIGURE 3. CLAMPING VOLTAGE FOR V130LA1 • V300LA2
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FIGURE 4. CLAMPING VOLTAGE FOR V130LA2· V300LA4



MAXIMUM CLAMPING VOLTAGE
S,OOO MODEL SIZE 7mm

320 TO 480VM(AC) RATING
TA = ·SSoC TO +8SoC~
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FIGURE 5. CLAMPING VOLTAGE FOR V320LA7 - V480LA7
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MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 14mm
38S TO 1000VM(AC~ RATING
TA = -SSoC TO +8S C

,,,"." '''"
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VS7SLA40A
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V420LA20A
V38SLA20A
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FIGURE 9. CLAMPING VOLT AGE FOR V385LA20A -
V1000LA80A
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MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 10mm
130 TO 420VM(AC) RATING
TA = -SSoC TO +8SoC
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FIGURE 6. CLAMPING VOLTAGE FOR V130LA5 - V420LA10
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MAXIMUM CLAMPING VOLTAGE
MODEL SIZE 20mm
130 TO 27SVM(AC) RATING
TA = ·SSoC TO +8SoC~
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FIGURE 10. CLAMPING VOLTAGE FOR V130LA20A - V275LA40A



Transient V-I Characteristics Curves (Continued)
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FIGURE 13. CLAMPING VOLTAGE FOR V300lA40A • Vl OOOlA160B
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FIGURE 16. SURGE CURRENT RATING CURVES FOR
V130LA10A· V320LA20A
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NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC), may result in the device not meeting the original published specifications, but does not prevent the device
from continuing to function, and to provide ample protection.
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• Conforms to ANSI and EIA specifications

Can be supplied to IEC Publication 286-2

• Radial devices on tape are supplied with crimped
leads, straight leads, or under-crimped leads

MODEL SIZE

SYMBOL PARAMETER 7mm 10mm 14mm 20mm

P Pitch of Component 12.7± 1.0 25.4± 1.0 25.4 ± 1.0 25.4 ± 1.0

Po Feed Hole Pitch 12.7 ± 0.2 12.7±0.2 12.7 ± 0.2 12.7 ± 0.2

PI Feed Hole Center to Pitch 3.85 ± 0.7 2.6 ± 0.7 2.6±0.7 2.6 ± 0.7

P2 Hole Center to Component Center 6.35 ± 0.7 6.35 ± 0.7 6.35±0.7 6.35 ± 0.7

F Lead to Lead Distance 5.0±0.8 7.5 ±0.8 7.5 ± 0.8 7.5 ±0.8

6h Component Alignment 2.0 Max 2.0 Max 2.0 Max 2.0 Max

W Tape Width 18.0 + 1.0 18.0 + 1.0 18.0 + 1.0 18.0 + 1.0
18.0- 0.5 18.0·0.5 18.0 - 0.5 18.0 - 0.5

Wo Hold Down Tape Width 6.0± 0.3 6.0 ± 0.3 6.0 ± 0.3 12.0±0.3

WI Hole Position 9.0 + 0.75 9.0 + 0.75 9.0 + 0.75 9.0 + 0.75
9.0 - 0.50 9.0 - 0.50 9.0 - 0.50 9.0 - 0.50

W2 Hold Down Tape Position 0.5 Max 0.5 Max 0.5 Max 0.5 Max

H Height from Tape Center to Component 18.0 + 2.0 18.0 + 2.0 18.0 + 2.0 18.0 + 2.0
Base 18.0 - 0.0 18.0 - 0.0 18.0 - 0.0 18.0 - 0.0

Ho Seating Plane Height 16.0 ± 0.5 16.0 ± 0.5 16.0 ± 0.5 16.0 ± 0.5

HI Component Height 32.0 Max 36.0 Max 40.0 Max 46.5 Max

Do Feed Hole Diameter 4.0 ±0.2 4.0±0.2 4.0 ± 0.2 4.0±0.2

t Total Tape Thickness 0.7 ± 0.2 0.7 ± 0.2 0.7±0.2 0.7±0.2

L Length of Clipped Lead 11.0Max 11.0 Max 11.0Max 11.0 Max

6p Component Alignment 3° Max 3u Max 3° Max 3u Max
1.00mm 1.00mm 1.00mm



Tape and Reel Ordering Information
Crimped leads are standard on LA types supplied in tape
and reel and are denoted by the model letter "T". Model let-
ter "S· denotes straight leads and letter "U· denoles special
under-crimped leads.

Example:

RMS QUANTITY PER REEL
(MAX)

SIZE VOLTAGE "T" REEL "S" REEL "U" REEL

7mm All 1000 1000 1000

10mm All 1000 1000 1000

14mm < 300V 500 500 500

14mm ~300V 500 500 500

20mm <300V 500 500 500

20mm ,,300V 500 500 500

UNDER-
STANDARD CRIMPED STRAIGHT CRIMPED

MODEL LEADS LEADS LEADS

V130LA2 V130LT2 V130LS2 V130LU2

25.4
0b (1.00)

MIN

~

e,-1 er--.L
....L( Gl ) E

T Gl T

VARISTOR MODEL SIZE

VOLTAGE 7mm 10mm 14mm 20mm

SYMBOL MODEL MIN MAX MIN MAX MIN MAX MIN MAX

A V130LA- 7.5 12 10 16 13.5 20 17.5 26.5
V320LA (0.295) (0.472) (0.394) (0.630) (0.531) (0.787) (0.689) (1.043)

V420LA- 10 17 13.5 20.5 17.5 28
V1000LA (0.394) (0.689) (0.531) (0.807) (0.689) (1.102)

00 All 7.5 9 10 12.5 13.5 17 17.5 23
(0.295) (0.354) (0.394) (0.492) (0.531) (0.669) (0.689) (0.906)

e All 4 6 6.5 8.5 6.5 8.5 6.5 8.5
(Note 1) (0.157) (0.236) (0.256) (0.335) (0.256) (0.335) (0.256) (0.335)

(Note 1) (Note 1)

e, V130LA- 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5
V320LA (0.059) (0.138) (0.059) (0.138) (0.059) (0.138) (0.059) (0.138)

V420LA- - 2.5 5.5 2.5 5.5 2.5 5.5
V1000LA - (0.098) (0.217) (0.098) (0.217) (0.098) (0.217)

E V130LA- 5.6 5.6 5.6 5.6
V320LA (0.220) (0.220) (0.220) (0.220)

V420LA- 7.3 7.3 7.3 7.3
V660LA (0.287) (0.287) - (0.287) (0.287)

V1000LA - 10.8 10.8
- (0.425) (0.425)

0b All 0.585 0.685 0.76 0.86 0.76 0.86 0.76 0.86
(Note 2) (0.023) (0.027) (0.030) (0.034) (0.030) (0.034) (0.030) (0.034)

(Note 1) (Note 1)

NOTE: Dimensions in millimeters. inches in parentheses.

1. 10mm ALSO AVAILABLE; See Additional Lead Style Options

2. 1000V parts only supplied with lead wire of diameter 1.00 ± 0.05 (0.039 ± 0.002).
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Radial lead types can be supplied with combination pre-
formed crimp and trimmed leads. This option is supplied to
the dimensions shown.

·Seating plane interpretation per IEC-717

CRIMPED AND TRIMMED LEAD

VARISTOR MODEL SIZE

7mm 10mm 14mm 20mm

SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX

A 15 19.5 22.5 29.0
(0.591) (0.768) (0.886) (1.142)

LTR1M 2.41 4.69 2.41 4.69 2.41 4.69 2.41 4.69
(0.095) (0.185) (0.095) (0.185) (0.095) (0.185) (0.095) (0.185)

To order this crimped and trimmed lead style, standard radial
type model numbers are changed by replacing the model let-
ter "An with "cn.

Example:

• For 1O/±l mm lead spacing on 20mm diameter models
only; append standard model numbers by adding "Xl on.

STANDARD CATALOG
MODEL ORDER AS:

V130LA2 V130LC2

STANDARD CATALOG
MODEL ORDER AS:

V130LA20A V130LA20AX1O

• For crimped leads without trimming and any variations to
the above, contact Harris Semiconductor Power Market-
ing.



HARRIS
SEMICONDUCTOR MA Series

• Wide Operating Voltage Range VM(AC)RMS ••••••••••••• 9V to 264V

• Available in Tape and Reel Packaging for Use With Automatic
Insertion Equipment

MA series transient surge suppressors are axial-lead metal-
oxide varistors for use in a wide variety of industrial and
commercial electronic equipment. The construction of these

3mm diameter disc-type axial lead varistors make them par-
ticularly useful in automatic insertion equipment.

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(AC)RMS)
DC Voltage Range (VM(OC)) ..

Transient:
Peak Pulse Current (ITM)
For 8/20IlS Current Wave (See Figure 2). . ......................•..................
Single Pulse Energy Range
For 10/lOOOIiS Current Wave (WTM).............•.......•...•....•....•........•...

Operating Ambient Temperature Range (TAl. . .......•....•....•...•.

Storage Temperature Range (TSTG)' . . . . . . . . . . . . . . ................•...•..

Temperature Coefficient (nV) of Clamping Voltage (Vc) at Specified Test Current .

Hi-Pot Encapsulation (Isolation Voltage Capability) .
(Dielectric must withstand indicated DC voltage for one minute per MIL-STD 202. Method 301)

Insulation Resistance. . . . . . . . . . . . .

MASERIES UNITS

9to 264 V
13 to 365 V

40 to 100 A

0.06 to 1.7 J

-55 to +85 °c
-55 to +125 °c

<0.01 %I"c

1000 V

1000 Mil
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MAXIMUM RATINGS (+85°C) SPECIFICATIONS (+25°C)

CONTINUOUS TRANSIENT MAX CLAMPING
ENERGY PEAK VARISTOR VOLTAGE AT VOLT AT Ip TYPICAL

(10/ CURRENT 1mADCTEST VALUE CURRENT CAPACI·
VRMS VOC 1000j.1s) (8/20j.1S) CURRENT (8/20j.1s) TANCE

DEVICE
MIN VN(OC) MAX Ip = 2.0A f= 1MHz

MODEL MARK· VM(AC) VM(OC) WTM ITM

NUMBER ING (V) (V) (J) (A) (V) (V) (V) (V) (pF)

V18MA1A 18A 9 13 0.06 40 14 18 23 49 550
V18MA18 188 10 14 0.07 40 15 18 21 44 550
V18MA15 185 10 14 0.06 40 15 18 21 49 550

V22MA1A 22A 10 15 0.09 40 16 22 28 55 410
V22MA18 228 14 18 0.10 40 19 22 26 51 410
V22MA15 225 14 18 0.09 40 19 22 26 55 410

V27MA1A 27A 13 19 0.10 40 21 27 34 67 370
V27MA18 27B 17 22 0.11 40 24 27 31 59 370
V27MA15 275 17 22 0.10 40 24 27 31 67 370

V33MA1A 33A 18 23 0.13 40 26 33 40 73 300
V33MA18 338 20 26 0.15 40 29.5 33 36.5 67 300
V33MA15 335 20 26 0.14 40 29.5 33 36.5 73 300

V39MA2A 39A 22 28 0.16 40 31 39 47 86 250
V39MA28 398 25 31 0.18 40 35 39 43 79 250
V39MA25 395 25 31 0.17 40 35 39 43 86 250

V47MA2A 47A 27 34 0.19 40 37 47 57 99 210
V47MA28 478 30 38 0.21 40 42 47 52 90 210
V47MA25 475 30 38 0.19 40 42 47 52 99 210

V56MA2A 56A 32 40 0.23 40 44 56 68 117 180
V56MA28 568 35 45 0.25 40 50 56 62 108 180
V56MA25 565 35 45 0.23 40 50 56 62 117 180

V68MA3A 68A 38 48 0.26 40 54 68 82 138 150
V68MA38 688 40 56 0.30 40 61 68 75 127 150
V68MA35 685 40 56 0.27 40 61 68 75 138 150

V82MA3A 82A 45 60 0.33 40 65 82 99 163 120
V82MA38 828 50 66 0.37 40 73 82 91 150 120
V82MA35 825 50 66 0.34 40 73 82 91 163 120

V100MA4A 100 57 72 0.40 40 80 100 120 200 100
V100MA4B 101 60 81 0.45 40 90 100 110 185 100
V100MA45 102 60 81 0.42 40 90 100 110 200 100

V120MA1A 120 72 97 0.40 100 102 120 138 220 40
V120MA28 121 75 101 0.50 100 108 120 132 205 40
V120MA25 122 75 101 0.46 100 108 120 132 220 40

V150MA1A 150 88 121 0.50 100 127 150 173 255 32
V150MA28 151 92 127 0.60 100 135 150 165 240 32

V180MA1A 180 105 144 0.60 100 153 180 207 310 27
V180MA38 181 110 152 0.70 100 162 180 198 290 27

V220MA2A 220 132 181 0.80 100 187 220 253 380 21
V220MA48 221 138 191 0.90 100 198 220 242 360 21

V270MA2A 270 163 224 0.90 100 229 270 311 460 17
V270MA48 271 171 235 1.00 100 243 270 297 440 17

V330MA2A 330 188 257 1.00 100 280 330 380 570 14
V330MA58 331 200 274 1.10 100 297 330 363 540 14

V390MA3A 390 234 322 1.20 100 331 390 449 670 12
V390MA68 391 242 334 1.30 100 351 390 429 640 12

V430MA3A 430 253 349 1.50 100 365 430 495 740 11
V430MA78 431 264 365 1.70 100 387 430 473 700 11



Power Dissipation Ratings .-.-
Continuous power dissipation capability is not an applicable

100

design requirement for a suppressor, unless transients occur UJ 90 \
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in rapid succession. Under this condition, the average power
..J

80~ "dissipation required is simply the energy (watt-seconds) per 0 70
UJ ,

pulse times the number of pulses per second. The power so !;( 60
developed must be within the specifications shown on the a: "lL so
Device Ratings and Specifications table for the specific 0 \tz 40
device. Furthermore, the operating values need to be der- w
ated at high temperatures as shown in Figure 1. Because 0 30a: '-varistors can only dissipate a relatively small amount of
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average power they are, therefore, not suitable for repetitive 10

"applications that involve substantial amounts of average
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE
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FIGURE 2. PEAK PULSE CURRENT TEST WAVEFORM

Transient V-I Characteristics Curves
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FIGURE 7. SURGE CURRENT RATING CURVES FOR V18MA
SERIES - V100MA SERIES

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)' may result in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide ample protection.



INCHES MilliMETERS

SYMBOL MIN MAX MIN MAX

0b 0.024 0.026 0.61 0.66

00 0.135 0.177 3.43 4.5

G 0.098 0.177 3.43 4.5

H 0.118 0.236 3.0 6.0

L 1.130 1.220 28.70 31.0

Typical Weight = 25g

H1 = H2 ± 0.040

o,;.O:i~I-- I-H1~ ~H21

l I 0.098-
O.ln-- ----

0.135-
0.145

--11-- 0.063I MAX

--.i

LO.02-
0.023

Joo
±0.020--.i

.,0.118-
0.236

1"-'::::"
1.0,'-- --
I

l~I. 'H' .1"l±0.040 r--- ± 0.059 ~ ± 0.040

. t~~ .

• This series is supplied either in bulk or tape and reel. To order
in tape and reel the standard model numbers are changed by
replacing the modelleter "A" with "T".

Example:

STD. CAT. MODEL ORDER AS

V18MA1A V18MT1A

Bulk Quantity Per Reel: 5,000

a: en01-
I-Uen::l-0a:O
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m HARRIS
SEMICONDUCTOR ML Series

Multilayer Surface Mount
Transient Surge Suppressors

• Leadless Chip Form - "Zero" Lead Inductance

• MUltilayer Construction Technology

• -55°C to +1250C Operating Temperature Range

• Wide Operating Voltage Range VM(DC)= 3.5V to 68V

• Broad Range of Energy Handling Capabilities

• Low Profile, Compact Industry Standard Chip Sizes

• Inherent Bidirectional Clamping

• No Plastic or Epoxy Packaging Assures Better than 94V-O
Flammability Rating

• Low Capacitance Models Available

Applications
• On-Board Transient Voltage Protection for ICs and Transistors

• ESD Protection for Components Sensitive to IEC 801-2,
MIL-STD·3015.7, etc.

• Replace Larger Surface Mount Zener Diodes

ML series transient surge suppressors are designed to
protect sensitive electronic devices from destruction by high
voltage transients. These suppressors are designed to fail
short when overstressed and protect the associated
equipment. The ML suppressor is manufactured from
semiconducting ceramics which offer rugged protection,
excellent transient energy absorption and increased internal
heat dissipation.

The devices are in chip form, eliminating lead inductance
and assuring fast speed of response to transient surges.
These transient suppression devices have significantly
smaller footprints and lower profiles than traditional TVS
diodes or radial MQV's (metal oxide varistors), thus allowing
designers to reduce size and weight while increasing system
reliability.

Continuous:
SteadyStateAppliedVoltage:
DCVoltageRange(VM(DC» .
AC VoltageRange(VM(AC)RMS) .

Transient:
Non-RepetitiveSurgeCurrent,8/20l1sWaveform,(ITM) .
Non-RepetitiveSurgeEnergy,10/100011SWaveform,(WTM)' .

OperatingAmbientTemperatureRange(TA)' .....................................•....
StorageTemperatureRange(TSTG)............................................•...•
TemperatureCoefficient(o.V)of ClampingVoltage(Vcl at SpecifledTest Current .

MLSERIES UNITS

3.5 to 68 V
2.5 to 50 V

40 to 250 A
0.1 to 1.2 J

-55 to +125 °C
-55 to +150 °c

<0.01 %f>c



MAXIMUM RATINGS (+125°C) CHARACTERISTICS (+25°C)

MAXIMUM MAXIMUM MAXIMUM
NON· NON· CLAMPING

MAXIMUM REPETITIVE REPETITIVE VOLTAGE AT
CONTINUOUS SURGE SURGE 10A NOMINAL VOLTAGE TYPICAL

WORKING CURRENT ENERGY (OR AS NOTED) AT 1mA DC TEST CAPACITANCE
VOLTAGE (8120~s) (10/1000IlS) (8120~s) CURRENT ATf= 1MHz

VM(DC) VM(AC) ITM WTM Vc VN(DC)MIN VN(DC)MAX C
MODEL

NUMBER (V) (V) (A) (J) (V) (V) (V) (pF)

V3.5MLA0805 3.5 2.5 120 0.3 10 at5A 3.7 5.5 2750

V3.5MLA0805L 3.5 2.5 40 0.1 10 at2A 3.7 5.5 1200

V3.5MLA1206 3.5 2.5 100 0.3 14 5.0 7.0 6000

V5.5MLA0805 5.5 4.0 120 0.3 15.5 at 5A 7.1 9.3 2500

V5.5MLA0805L 5.5 4.0 40 0.1 15.5 at 2A 7.1 9.3 1100

V5.5MLA1206 5.5 4.0 150 0.4 15.5 7.1 8.7 4500

V14MLA0805 14 10 120 0.3 30 at5A 15.9 20.3 1200

V14MLA0805L 14 10 40 0.1 30 at 2A 15.9 20.3 450

V14MLA1206 14 10 150 0.4 30 16.4 20 2100

V18MLA0805 18 14 120 0.3 40 at 5A 22.5 28.0 650

V18MLA0805L 18 14 40 0.1 40 at2A 22.5 28.0 350

V18MLA1206 18 14 150 0.4 40 22 27 1700

V18MLA1210 18 14 250 0.8 40 22 27 1900

V26MLA1206 26 20 150 0.6 56 29.5 38.5 800

V26MLA1210 26 20 250 1.2 54 29.5 38.5 1000

V33MLA1206 33 26 180 0.8 72 38 45 500

V42MLA1206 42 30 180 0.8 86 46 56 450

V56MLA1206 56 40 180 1.0 110 61 76 350

V68MLA1206 68 50 180 1.0 130 76 90 150

NOTES:

1. L suffix is a low capacitance and energy version.

2. Typical leakage at +250C < 50llA, maximum leakage 100~A.

3. Average power dissipation of transients for 0805, 1206 and 1210 sizes not to exceed 0.10W, 0.10W and 0.15W, respectively.

4. Devices specifically characterized for automotive applications also available. (See AUML Series).

a:(/)
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Continuous power dissipation capability is not an applicable
requirement for a suppressor, unless transients occur in
rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Characteristics table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1.
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE

0, = VIRTUAL ORIGIN OF WAVE
1 = TIME FROM 10% TO 90% OF PEAK

I, = VIRTUAL FRONT TIME = 1.25 x 1
12= VIRTUAL TIME TO HALF VALUE

(IMPULSE DURATION)

EXAMPLE:
FOR AN 8/20~. CURRENT

WAVEFORM:
8~s = I, = VIRTUAL FRONT

TIME
20~. = 12= VIRTUAL TIME TO

HALF VALUE

10~A l00~ lmA 10mA 100mA lA lOA 100A

CURRENT

FIGURE 3. V3.SMLA080S/L MAXIMUM V-I CHARACTERISTICS
CURVES

5.5VM(OC) RATING

TA = -55DC 10 125DC

lA lOA l00A

CURRENT

FIGURE 4. VS.SMLA080S/L MAXIMUM V-I CHARACTERISTICS
CURVES
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V26MLA1206

V18MLA1206
10

18 TO 42VM(DC)RATING

TA = -55°C TO +12SoC

l~A 10~A 100~ lmA 10mA 100mA lA lOA 100A

CURRENT
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Speed of Response

Traditional transient suppressors, e.g. metal oxide varistors
and zener diode type devices, have finite lead inductance,
device capacitance and resistance. Thus these suppressors
have their response times limited (slowed) by parasitic lead
impedances. These difficulties have been recognized by the
IEEE committees on transient suppressors concluding that
response time of a suppressor is influenced by lead
configuration and length. Unlike the leaded packages offered
for surface mounting (Gull-wing and J-bend) the multilayer
suppressor is a true surface mount device. As the multilayer
has no leads it therefore has virtually zero inductance and
the major factor controlling response time is eliminated.

At low current levels, the V-I curve of the multilayer transient
voltage suppressor approaches a linear (ohmic) relationship
and shows a temperature dependent affect (Figure 11). The
suppressor is in a high resistance mode (approaching 109n)
and appears as a near open circuit. This is equivalent to the
leakage region in a traditional zener diode. Leakage currents
at maximum rated voltage are in the microamp range and in
most cases below 50~A.
When clamping transients at higher currents, at and above
the 10mA range, the multilayer suppressor approaches a
1n -10n characteristic. Here, the multilayer becomes virtu-
ally temperature independent (Figure 12).
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Energy AbsorptlonlPeak Current Capability

This rating serves as a figure of merit for the ML suppressor.
Energy is calculated by multiplying the clamping voltage,
transient current and transient duration. An important
advantage of the multilayer TVS interdigitated construction is
its mass of transient suppressor material available to absorb
energy. As a result, the peak temperature per energy
absorbed is very low. The matrix of semiconducting grains
combine to absorb and distribute transient energy (heat)
(Figure 13). This dramatically reduces peak temperature,
thermal stresses and enhances device reliability.

As a measure of the device capability in energy handling and
peak current, the V26MLA1206A23 part was tested with
multiple pulses at its peak current rating (150A, 8/20 jl.S). As
this level of current is far in excess of anything the device is
exposed to in an Ie protection application it is taken as mea-
sure of the ruggedness and inherent capability. At the end of
the test, 10,000 pulses later, the device voltage characteris-
tics are still well within specification (Figure 14).

PEAK CURRENT = 150A
100 8120ms DURATION, 308 BETWEEN PULSES

V26MLA1206
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Soldering Recommendations Recommended Pad Outline

The principal techniques used for the soldering of (~components in surface mount technology are Infra Red (IR) -
Reflow, Vapour Phase Reflow and Wave Soldering. When
wave soldering, the ML suppressor is attached to the sub-
strate by means of an adhesive. The assembly is then , ,
placed on a conveyor and run through the soldering process. B /NOTE1',
With IR and Vapour Phase Reflow the device is placed in a 1solder paste on the substrate. As the solder paste is heated
it reflows, and solders the unit to the board. - -
With the ML suppressor, the recommended solder is a 62/

I • A • I

36/2 (Sn/Pb/Ag) silver solder paste. While this configuration NOTE1: Avoidmetal runs in this area.is best, a 60140 (SniP b) or a 63/37 (SnlPb) solder paste can
also be used. In soldering applications, the ML suppressor is
held at elevated temperatures for a relatively long period of CHIPSIZE
time. With the wave soldering operation is the most
strenuous of the processes. To avoid the possibility of 1210 1206 0805
generating stresses due to thermal shock, a preheat stage in SYMBOL IN MM IN MM IN MM
the soldering process is recommended, and the peak tem-
perature of the solder process should be rigidly controlled. A 0.219 5.53 0.203 5.15 0.105 2.65

When using a reflow process, care should be taken to B 0.147 3.73 0.103 2.62 0.058 1.45

ensure that the ML chip is not subjected to a thermal C 0.073 1.85 0.065 1.65 0.032 0.80
gradient steeper than 4 degrees per second; the ideal Soldering Recommendationsgradient being 2 degrees per second. During the soldering
process, preheating to within 100 degrees of the solders Material- 62/36/2 SnlPb/Ag or equivalent
peak temperature is essential to minimize thermal shock.

Temperature - 230°C, 5 seconds max Flux - nonactivatedExamples of the soldering conditions for the ML series of
suppressors are given in the table below.

Once the soldering process has been completed, it is still Dimensional Outlinenecessary to ensure that any further thermal shocks are
avoided. One possible cause of thermal shock is hot printed
circuit boards being removed from the solder process and

'~
SUbjected to cleaning solvents at room temperature. The
boards must be allowed to cool to less than 50°C before
cleaning.

SOLDERING TIME PEAK !(L_~
OPERATION (SECONDS) TEMPERATURE(OC)

P-W~IR Reflow 5 ·10 220

VapourPhaseReflow 5-10 222

WaveSolder 3-5 260 CHIPSIZE

SYM·
1210 1206 0805

BOL IN MM IN MM IN MM
o Max. 0.113 2.87 0.071 1.80 0.043 1.1

E 0.02 0.50 0.02 0.50 0.01to 0.25to
±O.01 ±O.25 ±O.01 ±O.25 0.029 0.75

L 0.125 3.20 0.125 3.20 0.079 2.01
±O.012 ±O.30 ±O.012 ±O.03 ±O.008 ±O.2

W 0.10 2.54 0.06 1.60 0.049 1.25
±O.012 ±O.30 ±O.011 ±O.28 ±O.008 ±O.2



Tape and Reel Specifications
• Conforms to EIA - 481, Revision A

• Can be Supplied to IEC Publication 286 • 3

SYMBOL DESCRIPTION MILLIMETERS

Ao Width of Cavity Dependent on Chip Size to Minimize Rotation.

Bo Length of Cavity Dependent on Chip Size to Minimize Rotation.

Ko Depth of CaVity Dependent on Chip Size to Minimize Rotation.

W Width of Tape 8 ±0.2

F Distance Between Drive Hole Centers and CaVity Centers 3.5 ± 0.5

E Distance Between Drive Hole Centers and Tape Edge 1.75 ±0.1

P, Distance Between Cavity Center 4± 0.1

P2 Axial Distance Between Drive Hole Centers and Cavity Centers 2±0.1

Po Axial Distance Between Drive Hole Centers 4±0.1

Do Drive Hole Diameter 1.55 ± 0.05

D, Diameter of Cavity Piercing 1.05 ± 0.05

t, Embossed Tape Thickness 0.3max

t2 Top Tape Thickness 0.1 max

"--0-

~~

--n-
'2

The ML Series of transient suppressors are always shipped
in tape and reel. The standard 330 millimeter (13 inch) reel
utilized contains 8000 pieces for the 1210 and 10000 pieces
for the 1206 and 0805 chip. To order add "T23" to the stan-
dard part number, e.g. V5.5MLA 1206T23 or V68MLA 1206T23.

Special Packaging
Option 1: 178 millimeter (7 inch) reels containing 2000 or

2500, depending on chip size, pieces are
available. To order add "H23" to the standard
part number, e.g. V5.5MLA1206H23 or
V68MLA 1206H23.

Option 2: For small sample quantities (less than 100 pieces)
the units are shipped bulk pack. To order add
"A23" to the standard part number, e.g.
V5.5MLA 1206A23 or V68MLA 1206A23.

178MM
OR 330MM
CIA. REEL

a:cnOr-
r-0cn~-0a:O
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Terms and Descriptions
Rated DC Voltage (VM(DC»)

This is the maximum continuous DC voltage which may be
applied up to the maximum operating temperature of the
device. The rated DC operating voltage (working voltage) is
also used as the reference point for leakage current. This
voltage is always less than the breakdown voltage of the
device. Unlike the zener diode all multilayer TVS devices
have a maximum leakage current of less than 1OO~A.

Rated AC Voltage (VM(AC)RMS)

This is the maximum continuous sinusoidal rms voltage
which may be applied. This voltage may be applied at any
temperature up to the maximum operating temperature of
the device.

Maximum Non-Repetitive Surge Current (ITM)

This is the maximum peak current which may be applied for
an 8/20~s impulse, with rated line voltage also applied, with-
out causing device failure. The pulse can be applied to the
device in either polarity with the same confidence factor. See
Figure 2 for waveform description.

Maximum Non-Repetitive Surge Energy (WTM)

This is the maximum rated transient energy which may be
dissipated for a single current pulse at a specified impulse
duration (10/1000~s), with the rated DC or RMS voltage
applied, without causing device failure.

Leakage (Ill at Rated DC Voltage

In the nonconducting mode, the device is at a very high
impedance (approaching 109Q) and appears as an almost
open circuit in the system. The leakage current drawn at this
level is very low «50~A at ambient temperature) and, unlike
the zener diode. the multilayer TVS has the added advan-
tage that, when operated up to its maximum temperature, its
leakage current will not increase above 500~A.

Nominal Voltage (VN(DC»)

This is the voltage at which the device changes from the off
state to the on state and enters its conduction mode of oper-
ation. The voltage is usually characterized at the 1mA point
and has a specified minimum and maximum voltage listed.

Clamping Voltage (Vel

This is the peak voltage appearing across the suppressor
when measured at conditions of specified pulse current and
specified waveform (8/20~s). It is important to note that the
peak current and peak voltage may not necessarily be coin-
cidental in time.

Capacitance (C)

This is the capacitance of the device at a specified fre-
quency (lMHz) and bias (lVp.p).



HARRIS
SEMICONDUCTOR NA Series

Industrial High Energy Metal-Oxide
Square Varistors

• Provided Unpackaged For Unique Packaging By Customer

• Solderable Electrode Finish Also Provides Pressure Contacts for
Stacking Applications

• Wide Operating Voltage Range VM(AC)RMS ••••••••••• 130V to 750V

• Peak Pulse Current Capability ITM ...•••.•.••••••.•.•..•. 40,OOOA

• High Energy Capability WTM •.••...•....•.••.•.•.. 270J to 1050J

NA series transient surge suppressors are industrial high-
energy square varistors intended for special applications
requiring unique contact or packaging considerations. The
electrode finish of these devices is solderable and can also
be used as pressure contacts for stacking applications.

These NA series industrial square varistor is available as a
34mm device, with thicknesses ranging frort) 1.8mm mini-
mum for the 130V device to 8.3mm maximum for the 750V
device. For information on mounting considerations refer to
Application Note AN8820.

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(AC)RMS)...............•..................•....•.......•...
DC Voltage Range (VM(OC» ..........•...•......................•....•......

Transient:
Peak Pulse Current (ITM)
For 8120115Current Wave (See Figure 2) ...........................•................
Single Pulse Energy Range
For 10/1000115Current Wave (WTM).................•.............•....•.......•...

Operating Ambient Temperature Range (TA) ............•.............•....•...........

Storage Temperature Range (T8TG)' .

Temperature Coefficient (aV) of Clamping Voltage (Vel at Specified Test Current .

NA SERIES UNITS

130 to 750 V
175to 970 V

40,000 A

270 to 1050 J

-55 to +85 °c
·55 to +125 °c

<0.01 %I"c
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MAXIMUM RATINGS (+850C) SPECIFICATIONS (+25OC)

CONTINUOUS TRANSIENT MAXIMUM
CLAMPING

PEAK VARISTOR VOLTAGE VOLTAGE TYPICAL
ENERGY CURRENT AT 1 mA DC TEST (Ve) AT200A CAPACI-

VRMS Voc (2ms) (8/2OIlS) CURRENT (8I2OIlS) TANCE

SIZE VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc f= 1MHz
MODEL

NUMBER (mm) (V) (V) (V) (A) (V) (V) (V) (V) (pF)

V131NA34 34 130 175 270 30.000 184 200 228 345 10,000

V151NA34 34 150 200 300 30,000 212 240 268 405 8,000

V251NA34 34 250 330 370 40,000 354 390 429 650 5,000

V271NA34 34 275 369 400 40,000 389 430 473 730 4,500

V321NA34 34 320 420 460 40,000 462 510 539 830 3,800

V421NA34 34 420 560 600 40,000 610 680 748 1,130 3,000

V481NA34 34 480 640 650 40,000 670 750 825 1,240 2,700

V511NA34 34 510 675 700 40,000 735 820 910 1,350 2,500

V571NA34 34 575 730 770 40,000 805 910 1000 1,480 2,200

V661NA34 34 660 850 900 40,000 940 1050 1160 1,720 2,000

V751NA34 34 750 970 1050 40,000 1080 1200 1320 2,000 1,800

Continuous power dissipation capability is not an applicable
requirement for a suppressor, unless transients occur in
rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device.
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE
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01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T1 = Virtual Front Time = 1.25. t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20~s Current Waveform:
8~s = T1 = Virtual Front Time

20~s = T2 = Virtual Time to Half Value
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FIGURE 4. SURGE CURRENT RATING CURVES FOR
V251 NA34 - V751 NA34
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FIGURE 5. SURGE CURRENT RATING CURVES FOR
V131NA34, V151NA34

NOTE: If pulse ratings are exceeded, a shift of VN(DC)(at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)'may result in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide ample protection.
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NA SERIES VARISTOR THICKNESS

MILLIMETERS INCHES
MODEL

NUMBER MIN MAX MIN MAX

V131NA34 1.40 2.30 0.055 0.090

V151NA34 1.70 2.80 0.067 0.011

V251NA34 2.00 2.70 0.079 0.106

V271NA34 2.20 3.00 0.087 0.118

V321NA34 2.60 3.50 0.102 0.138

V421NA34 3.50 4.70 0.138 0.185

V481NA34 3.80 5.20 0.150 0.205

V511NA34 4.20 5.70 0.165 0.225

V571NA34 4.60 6.30 0.181 0.248

V661NA34 5.30 7.20 0.209 0.284

V751NA34 6.10 8.30 0.240 0.327



HARRIS
SEMICONDUCTOR PA Series

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E75961 to Std. 1449

• Recognized as "Transient Voltage Surge Suppressors", CSA File
#LR91788 to Std. C22.2 No. 1-M1981

• Wide Operating Voltage Range VM(AC)RMS..........• 130V to 660V

• Creep and Strike Distance Capability Meets Rigid NEMA Standards

• Base Mount Construction for Rigid Mounting Applications

• Quick Connect Tab Terminal

PA series transient surge suppressors are base mount
metal·oxide varistors featuring rigid mountdown con·
struction, and are useful in applications which are critical to
vibration.

These UL and CSA recognized varistors are available in a
wide range of operating voltages. from 130V to 660V

VM(ACjRMS'The base·mount package has a quick connect
tab terminal that provides a fast secure lead mount. Meeting
rigid NEMA standards, PA series varistors have a creep and
strike distance capability that minimizes breakdown along
the package surface.

Continuous:
SteadyStateAppliedVoltage:
AC VoltageRange(VM(AC)RMS)'..........................•..........
DCVoltageRange(VM(DC)..

Transient:
PeakPulseCurrent(ITM)
For8/20l1s CurrentWave(SeeFigure2) .
SinglePulseEnergyRange
For 10/1000l1s CurrentWave(WTM).. . . .•...................

OperatingAmbientTemperatureRange(TA).......•...•.......................
StorageTemperatureRange(TSTG)' .
TemperatureCoefficient(aV)of ClampingVoltage(vcl at SpecifiedTestCurrent .

PASERIES UNITS

130 to 660 V
175 to 850 V

6500 A

70 to 250 J

-55 to +85 °c
-55 to +125 °c

<0.01 %I"c
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Device Ratings and Specifications
Series PA Varistors are listed under UL file #E75961 and under CSA file #LR91788, as a UL recognized component.

MAXIMUM RATINGS (+85°C) SPECIFICATIONS (+25°C)

CONTINUOUS TRANSIENT
MAX CLAMPING

ENERGY PEAK VOLT Vc AT TYPICAL
(10/ CURRENT VARISTOR VOLTAGE AT lmA TEST CURRENT CAPACI-

VRMS Voc l000~s) (8120~s) DC TEST CURRENT (8120~s) TANCE

VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc Ip f = lMHz
MODEL

NUMBER (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

V130PA20A 130 175 70 6500 184 200 243 360 100 1900

V130PA20C 130 175 70 6500 184 200 220 325 100 1900

V150PA20A 150 200 80 6500 212 240 284 420 100 1600

V150PA20C 150 200 80 6500 212 240 243 360 100 1600

V250PA40A 250 330 130 6500 354 390 453 675 100 1000

V250PA40C 250 330 130 6500 354 390 413 620 100 1000

V275PA40A 275 369 140 6500 389 430 494 740 100 900

V275PA40C 275 369 140 6500 389 430 453 680 100 900

V320PA40A 320 420 160 6500 462 510 565 850 100 750

V320PA40C 320 420 160 6500 462 510 540 800 100 750

V420PA40A 420 560 170 6500 610 680 790 1160 100 600

V420PA40C 420 560 170 6500 610 680 690 1050 100 600

V480PA80A 480 640 180 6500 670 750 860 1280 100 550

V480PA80C 480 640 180 6500 670 750 790 1160 100 550

V510PA80A 510 675 190 6500 735 820 963 1410 100 500

V510PA80C 510 675 190 6500 735 820 860 1280 100 500

V575PA80A 575 730 220 6500 805 910 1050 1560 100 450

V575PA80C 575 730 220 6500 805 910 960 1410 100 450

V660PA100A 660 850 250 6500 940 1050 1210 1820 100 400

V660PA100C 660 850 250 6500 940 1050 1100 1650 100 400

Power Dissipation Ratings
Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.
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FIGURE 1. CURRENT, ENERGY AND POWER DERATING
CURVE
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01 ; Virtual Origin of Wave
T; Time From 10% to 90% of Peak

T1 ; Virtual Front Time; 1.25 • t
T2; Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20~s Current Waveform:
8~s ; T 1 ; Virtual Front Time

20~s ; T2; Virtual Time to Half Value
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FIGURE 3. CLAMPING VOLTAGE FOR V130PA20A·
V660PA100A
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FIGURE 4. CLAMPING VOLTAGE FOR V130PA20C-
V660PA100C

10,000

5,000 DISC SIZE 20mm
V130PA20A • V320PA40C

102
103

10'
10'

10'

2,000

1,000

~ SOO

~
~ 200

!!i 100

~ SO
Cla::
:>
<Jl

100 1,000
IMPULSE DURATION (~s)

FIGURE 5. SURGE CURRENT RATING CURVES FOR
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NOTE: If pulse ratings are exceeded, a shift of VN(DC)(at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)'may result in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide transient protection.



PA Series

Package Outline Dimensions

-'Jl J H,.2.~ ~ MILLIMETERS INCHES
-Q SYMBOL MIN NOM MAX MIN NOM MAX NOTES

- S - ~m,,~ A 14.3 0.570
_F -+-. Ci 71 PLANE b 6.6 0.260

$1f~' W- T b2 3.94 4.06 4.18 0.155 0.160 0.165
IT _i b3 3.05 3.17 3.29 0.120 0.125 0.130

"~ ~ TT
b3- B 12.9 0.510

0P -T lilT
2 HOLES 00, TAB C 6.6 0.260

0 66.3 2.610
NOTES:

1. Tab is designed to fit 1/4" quick-connect terminal. 001 33.5 1.320

2. Case temperature is measured at Tc on top surface of base E 11.2 0.440

plate. F 7.50 7.62 7.75 0.295 0.300 0.305

3. H, (130-150VRMS devices) h 0.8 1.0 0.030 0.040
H2 (250-320VRMS devices)

H, 25.6 1.010 3
H3 (420-660VRMS devices)

4. Electrical connection: top terminal and base plate. H2 28.3 1.120 3

5. Typical weight: 30g H3 32.8 1.290 3

J 8.1 0.320

0P 5.6 6.0 0.220 0.240

Q 50.6 50.8 51.0 1.990 2.000 2.010

S 18.4 19.2 20.0 0.72 0.75 0.78

T 1.0 0.040

0T 2.8 0.110

Tc 3.2 0.126 2

Suggested Hardware and Mounting
Arrangements

~f f-~~~~"'''
~ ~ --- .,0 FLAT WASHER

T~~~~~~ -+: _ VARISTOR
LAYER .~ - - -- - - +---l MOUNTING-----r - - -- - - r-- SURFACE

~ ~ --- LOCK WASHER9J 9J--- *10-32 NUT

NOTES:

1. GE G623. oow Corning. OC3, 4, 340, or 640 Thermal Grease
recommended for best heat transfer.

2. 1.000V isolation kit containing the following parts can be ordered
by part .A7811055.

THERMAL ~~tt: ~:::::~QUICK __ d;;J d;;J_ PHENOLIC SHOULDER
CONNECT -L WASHER"f' - SPACER

(1) VARISTOR

THERMAL I a;'~*~;;;;;;~~~--MICA INSULATORGREASE ;::
LAYER - - -- - - MOUNTING

- - -- - - SURFACEep ep_ LOCK WASHER
cp cp_ .6·32 NUT



HARRIS
SEMICONDUCTOR RA Series

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E75961 to Std. 1449

• Recognized as "Transient Voltage Surge Suppressors", CSA File
#LR91788 to Std. C22.2 No. 1-M1981

• Recognized as "Across-The-Line Components", UL File #E56529 to
Standard 1414

• Recognized as "Protectors for Data communication and Fire Alarm
Circuits", UL File #E13S010 to Standard 4978

• Low Profile Outline with Precise Seating Plane

• Continuous Temperature Operation .....••.........••... +12SoC

• Wide Operating Voltage Range VM(AC)RMS 275V

• High Energy Absorption Capability WTM up to 140J

• 3 Model Sizes Available ............•...... RA8, RA16, and RA22

• In-Line Leads for Ease in Automatic Placement

a:(J)
01-I-C)(J):J-0a:O
~g:

RA series transient surge suppressors are low profile radial
lead varistors that feature a precise seating plane to
increase mechanical stability for secure circuit-board mount-
ing. This feature makes these devices suitable for industrial
applications critical to vibration.

The RA series are available in voltage ratings up to 275V
VM(AClRMS' and energy levels up to 140J. Supplied in tape
and reel for use with automatic insertion equipment, these
varistors are also used in automotive, motor-control, tele-
communication, and military applications.

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(AC)RMS)..
DC Voltage Range (VM(DC).

Transient:
Peak Pulse Current (ITM)
For 8/20l1s Current Wave (See Figure 2) .
Single Pulse Energy Range (Note 1)
For 10/1 OOOI1S Current Wave (WTM) ....................•..

Operating Ambient Temperature Range (TA) .

Storage Temperature Range (Tsm)· .

Temperature Coefficient (eN) of Clamping Voltage (Vc) at
Specified Test Current .

Hi-Pot Encapsulation (Isolation Voltage Capability) ..
(Dielectric must withstand indicated DC voltage for one minute
per MIL-STD 202, Method 301)

RA8SERIES RA16 SERIES RA22 SERIES UNITS

4to 275 10 to 275 4to 275 V
5.5to 369 14to 369 18to 369 V

100 to 1200 1000 to 4500 2000 to 6500 A

0.4 to 23 3.5 to 75 70 to 160 J

-55 to +125 -55 to +125 -55 to +125 °c
-55 to +150 -55 to +150 -55 to +150 °c

<0.01 <0.01 <0.01 %f'C

5000 5000 5000 V

1000 1000 1000 MQ

File Number 2193.3
4-91



Device Ratings and Specifications (Note 1)

RA8 Series
Series RA8 Varistors of 130VRMSor greater are listed under UL File No. E75961 as a recognized component. CSA approved File No.
LR91788.

MAXIMUM RATINGS (+125°C) SPECIFICATIONS (+25OC)

CONTINUOUS TRANSIENT MAX CLAMPING
ENERGY PEAK VARISTOR VOLTAGE AT VOLTAGE Vc AT TYPICAL

(101 CURRENT 1mA DC TEST TEST CURRENT CAPACI-

VRMS VOC 1000~s) (8/20~s) CURRENT (8/20~s) TANCE
DEVICE

VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc Ip f = 1MHz
MODEL MARK-

NUMBER ING (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

V8RA8 8R 4 5.5 0.4 150 6 8.2 11.2 22 5 3000

V12RA8 12R 6 8 0.6 150 9 12 16 34 5 2500

V18RA8 18R 10 14 0.8 250 14.4 18 21.6 42 5 2000

V22RA8 22R 14 18 10 250 18.7 22 26 47 5 1600
(Note 3) (Note 2)

V27RA8 27R 17 22 1.0 250 23 27 31.1 57 5 1300

V33RA8 33R 20 26 1.2 250 29.5 33 36.5 68 5 1100

V39RA8 39R 25 31 1.5 250 35 39 43 79 5 900

V47RA8 47R 30 38 1.8 250 42 47 52 92 5 800

V56RA8 56R 35 45 2.3 250 50 56 62 107 5 700

V68RA8 68R 40 56 3.0 250 61 68 75 127 5 600

V82RA8 82R 50 66 4.0 1200 74 82 91 135 10 500

V100RA8 100R 60 81 5.0 1200 90 100 110 165 10 400

V120RA8 120R 75 102 6.0 1200 108 120 132 205 10 300

V150RA8 150R 95 127 8.0 1200 135 150 165 250 10 250

V180RA8 180R 115 153 10.0 1200 162 180 198 295 10 200

V200RA8 200R 130 175 11.0 1200 184 200 228 340 10 180

V220RA8 220R 140 180 12.0 1200 198 220 242 360 10 160

V240RA8 240R 150 200 13.0 1200 212 240 268 395 10 150

V270RA8 270R 175 225 15.0 1200 247 270 303 455 10 130

V360RA8 360R 230 300 20.0 1200 324 360 396 595 10 100

V390RA8 390R 250 330 21.0 1200 354 390 429 650 10 90

V430RA8 430R 275 369 23.0 1200 389 430 473 710 10 80

NOTES:

1. Average power dissipation of transients not to exceed 0.25W for RA8 Series.

2. Energy ratings for impulse duration of 30ms minimum to one half of peak current value.

3. Also rated to withstand 24V for 5 minutes.



Device Ratings and Specifications (Note 1) (Continued)
RA16 Series
Series RA16 and RA22 Varistors of 130VAMSor greater are listed under UL File No. E75961 as a recognized component.
CSA approved File No. LR91788.

MAXIMUM RATINGS (+1250C) SPECIFICATIONS (+25°C)

CONTINUOUS TRANSIENT
MAX CLAMPING

ENERGY PEAK VARISTOR VOLTAGE AT VOLTAGEVcAT TYPICAL
(101 CURRENT 1mA DC TEST TEST CURRENT CAPAC I·

VAMS VOC 1OOO11S) (8I2OllS) CURRENT (8I2011S) TANCE
DEVICE

VM(AC) VM(OC) WTM ITM MIN VN(OC) MAX Vc Ip f = 1MHz
MODEL MARK·

NUMBER ING (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

V18RA16 18R16 10 14 3.5 1000 14.4 18 21.6 39 10 11000

V22RA16 22R16 14 18 50 1000 18.7 22 26 43 10 9000
(Note 3) (Note 2)

V27RA16 27R16 17 22 5.0 1000 23 27 31.1 53 10 7000

V33RA16 33R16 20 26 6.0 1000 29.5 33 36.5 64 10 6000

V39RA16 39R16 25 31 7.2 1000 35 39 43 76 10 5000

V47RA16 47R16 30 38 8.8 1000 42 47 52 89 10 4500

V56RA16 56R16 35 45 10.0 1000 50 56 62 103 10 3900

V68RA16 68R16 40 56 13.0 1000 61 68 75 123 10 3300

V82RA16 82R16 50 66 15.0 4500 74 82 91 145 50 2500

V100RA16 100R16 60 81 20.0 4500 90 100 110 175 50 2000

V120RA16 120R16 75 102 22.0 4500 108 120 132 205 50 1700

V150RA16 150R16 95 127 30.0 4500 135 150 165 255 50 1400

V180RA16 180R16 115 153 35.0 4500 162 180 198 300 50 1100

V200RA16 200R16 130 175 38.0 4500 184 200 228 340 50 1000

V220RA16 220R16 140 180 42.0 4500 198 220 242 360 50 900

V240RA16 240R16 150 200 45.0 4500 212 240 268 395 50 800

V270RA16 270R16 175 225 55.0 4500 247 270 303 455 50 700

V360RA16 360R16 230 300 70.0 4500 324 360 396 595 50 550

V390RA16 390R16 250 330 72.0 4500 354 390 429 650 50 500

V430RA16 430R16 275 369 75.0 4500 389 430 473 710 50 450

RA22 Series
V24RA22 24R22 14 18 100.0 2000 19.2 24 26 43 20 18000

(Note 3) (Note 2) (Note 4)

V36RA22 36R22 23 31 160.0 2000 32 36 40 63 20 12000
(Note 2) (Note 4)

V200RA22 200R22 130 175 70.0 6500 184 200 228 340 100 1900

V240RA22 240R22 150 200 80.0 6500 212 240 268 395 100 1600

V270RA22 270R22 175 225 90.0 6500 247 270 303 455 100 1400

V390RA22 390R22 250 330 130.0 6500 354 390 429 650 100 1000

V430RA22 430R22 275 369 140.0 6500 389 430 473 710 100 900

NOTES:

1. Average power dissipation of transients not to exceed 0.60W for RA16 Series, or 1.0W for RA22 Series.

2. Energy ratings tor impulse duration at 30ms minimum to one half of peak current value.

3. Also rated to withstand 24V for 5 minutes.

4. 10mA DC Test Current.

a:CIl
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Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.
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01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T 1 = Virtual Front time = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20llS Current Waveform:
81ls = T1 = Virtual Front Time

20llS = T2 = Virtual Time to Half Value
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FIGURE 3. CLAMPING VOLTAGE FOR V8RA8 - V68RA8
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MAXIMUM CLAMPING VOLTAGE
18 TO 68VNIDC) RATING
TA = ·55°C TO +1250C
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FIGURE 5. CLAMPING VOLTAGE FOR V18RA16 - V68RA16
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FIGURE 15. SURGE CURRENT RATING CURVES FOR V200RA22· V430RA22

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which normally
results in a decrease of VN(DC)' may result in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide ample protection.



Package Outline Dimensions

-r:;:xl RA8 RA16 RA22
SYMBOL SERIES SERIES SERIES

A MAX 8.85 15.1 19.1
n I t (0.348) (0.594) (0.752)

MIN I AMAX

L SEATING t DMAX 11.45 19.7 25.5
PLANE (0.450) (0.776) (1.004)t:ll e 5 7.5 7.5

I 5.0 MIN (0.197) (0.295) (0.295)X (0.197 MIN)

t E MAX 5.2 6.3 6.3"b
±0.05 --I f- (0.205) (0.248) (0.248)
± 0.002)

n MAX 0.7 0.7 0.7*-~~ (0.027) (0.027) (0.027)

0b 0.635 0.81 0.81
(0.025) (0.032) (0.032)9"~'WEIGHT 1.Gram 3.4 Grams 4.4 Grams- ~ --=--t - OFFSET TYP±1.0 (0.020MAX

(± 0.039)
X 2.2 2.2 4.4

(0.087) (0.087) (0.173)

Y 3.1 ±0.5 6±1 8.9± I
(0.122 ± (0.236 ± 0.04) (0.35 ± 0.04)

0.02)

NOTES:

1. Dimensions in mm, dimensions in inches in parentheses.

2. Inches for reference only.
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I-IARRIS
SEMICONDUCTOR ZA Series

Radial Lead Metal-Oxide Varistors for
Low-to-Medium Voltage Operation

• Recognized as "Transient Voltage Surge Suppressors", UL File
#E135010 to Std. 497B

• Wide Operating Voltage Range VM(AC)RMS ••••••••••••• 4V to 460V

• DC Voltage Ratings •••••••••••.•...•••••••••••••• 5.5V to 615V

• 5 Model Sizes Available ••••••••••••.•••.• 5,7,10,14, and 20mm

• Radial-Lead Package for Compact Hard-Wired Printed Circuit Board
Designs

Available in Tape and Reel for Use With Automatic Insertion
Equipment

These devices are available in five model sizes: 5mm, 7mm,
10mm, 14mm and 20mm, and feature a wide Voc voltage
range of 5.5V to 615V.

The ZA series of transient voltage surge suppressors are
radial-lead varistors designed for use in the protection of low
and medium-voltage circuits and systems. Typical applica-
tions include motor control, telecom, automotive systems,
solenoid, and power supply circuits to protect circuit board
components and maintain data integrity.

Continuous:
Steady State Applied Voltage:
AC Voltage Range (VM(AC)RMS)...........•....•...•...........•..................
DC Voltage Range (VM(DC) .......................•...•...•...•..................

Transient:
Peak Pulse Current (ITM)
For 8/20l.ls Current Wave (See Figure 2) ....•....•...•........................•...•.
Single Pulse Energy Range (Note 1)
For 10/l000I.lS Current Wave (WTM) .

Operating AmbientT emperature Range (TA)' .......................•.......•..........

Storage Temperature Range (TSTG) .

Temperature Coefficient (aV) of Clamping Voltage (Vc) at Specified Test Current. .......•...•.

Hi-Pot Encapsulation (Isolation Voltage Capability) .

(Dielectric must withstand indicated DC voltage for one minute per MIL-STD 202. Method 301) .

Insulation Resistance .

ZASERIES UNITS

4 to 460 V
5.5 to 615 V

50 to 6500 A

0.1 to 52 J
-55 to +85 °c

-55 to +125 °c
<0.01 %I"c

2500 V

1000 MQ



Device Ratings and Specifications (Nole 1)
ZA Series Varistors are listed under UL File No. El35010 as a UL recognized component.

MAXIMUM RATING (8S0C) SPECIFICATIONS (2S0C)

CONTINUOUS TRANSIENT
MAXIMUM TYPICAL

PEAK VARISTOR VOH· CLAMPING CAPACI·
ENERGY CURRENT AGE AT lmA DC VOLTAGE TANCE

VRMS Voc lOx 1llO<l11s 8 x 20~s TEST CURRENT 8 x 20~s f = lMHz
MODEL

VNOM VNOMSIZE
VM(AC) VM(DC) WTM ITM MIN MAX Vc IpK CMODEL DISC DEVICE

NUMBER DIA.(mm) MARKING (V) (V) (J) (A) (V) (V) (A) (pF)

V8ZAOS S Z08 4 5.5 0.1 50 6 11 30 1 1400

V8ZAl 7 08Z1 4 5.5 0.4 100 6 11 22 2.5 3000

V8ZA2 10 08Z2 4 5.5 0.8 250 6 11 20 5 7500

Vl2ZA05 5 Z12 6 8 0.14 50 9 16 37 1 1200

Vl2ZAl 7 12Z1 6 8 0.6 100 9 16 34 2.5 2500

Vl2ZA2 10 12Z2 6 8 1.2 250 9 16 30 5 6000

V18ZA05 5 Z18 10 14 0.17 100 14.4 21.6 36 1 1000

V18ZAl 7 18Z1 10 14 0.8 250 14.4 21.6 36 2.5 2000

V18ZA2 10 18Z2 10 14 1.5 500 14.4 21.6 36 5 5000

V18ZA3 14 18Z3 10 14 3.5 1000 14.4 21.6 36 10 11000

V18ZA40 20 18Z40 10 14 80 (Note 2) 2000 14.4 21.6 37 20 22000
(Note 3)

V22ZA05 5 Z22 14 18 0.2 100 18.7 26 43 1 800

V22ZAl 7 22Z1 14 18 0.9 250 18.7 26 43 2.5 1600

V22ZA2 10 22Z2 14 18 2 500 18.7 26 43 5 4000

V22ZA3 14 22Z3 14 18 4 1000 18.7 26 43 10 9000

V24ZA50 20 24Z50 14 18 100 (Note 2) 2000 19.2 26 43 20 15000
(Note 4) (Note 3)

V27ZA05 5 Z27 17 22 0.25 100 23 31.1 53 1 600

V27ZAl 7 27Z1 17 22 1 250 23 31.1 53 2.5 1300

V27ZA2 10 27Z2 17 22 2.5 500 23 31.1 53 5 3000

V27ZA4 14 27Z4 17 22 5 1000 23 31.1 53 10 7000

V27ZA60 20 27Z60 17 22 120 (Note 2) 2000 23 31.1 50 20 13000
(Note 3)

V33ZA05 5 Z33 20 26 0.3 100 29.5 38 65 1 500

V33ZAl 7 33Z1 20 26 1.2 250 29.5 36.5 65 2.5 1100

V33ZA2 10 33Z2 20 26 3 500 29.5 36.5 65 5 2700

V33ZA5 14 33Z5 20 26 6 1000 29.5 36.5 65 10 6000

V33ZA70 20 33Z70 21 27 150 (Note 2) 2000 29.5 36.5 58 20 13000
(Nole 3)

V36ZA80 20 36Z80 23 31 160 (Note 2) 2000 32 40 63 20 12000
(Note 3)

V39ZA05 5 Z39 25 31 0.3 100 35 46 79 1 500

V39ZAl 7 39Z1 25 31 1.2 250 35 43 79 2.5 1100

V39ZA3 10 39Z3 25 31 3 500 35 43 76 5 2700

V39ZA6 14 39Z6 25 31 6 1000 35 43 76 10 6000

V39ZA20 20 39Z20 25 31 20 2000 35 43 76 20 12000
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Device Ratings and Specifications (Note 1) (Continued)
ZA Series Varistors are listed under UL File No. E135010 as a UL recognized component.

MAXIMUM RATING (85°C) SPECIFICATIONS (25°C)

CONTINUOUS TRANSIENT MAXIMUM TYPICAL
PEAK VARISTOR VOLT- CLAMPING CAPACI-

ENERGY CURRENT AGE AT lmADC VOLTAGE TANCE
VRMS VOC 10 x lO00~s 8 x 20~s TEST CURRENT 8 x 20~s f=lMHz

MODEL VNOM VNOMSIZE
VM(AC) VM(OC) WTM ITM MIN MAX Vc IpK C

MODEL DISC DEVICE
NUMBER DIA.(mm) MARKING (V) (V) (J) (A) (V) (V) (A) (pF)

V47ZA05 5 Z47 30 38 0.4 100 42 55 93 1 400

V47ZAl 7 47Z1 30 38 1.8 250 42 52 93 2.5 800

V47ZA3 10 47Z3 30 38 4.5 500 42 52 93 5 2000

V47ZA7 14 47Z7 30 38 8.8 1000 42 52 93 10 4500

V47ZA20 20 47Z20 30 38 23 2000 42 52 93 20 11000

V56ZA05 5 Z56 35 45 0.5 100 50 66 110 1 360

V56ZA2 7 56Z2 35 45 2.3 250 50 62 110 2.5 700

V56ZA3 10 56Z3 35 45 5.5 500 50 62 110 5 1800

V56ZA8 14 56Z8 35 45 10 1000 50 62 110 10 3900

V56ZA20 20 56Z20 35 45 30 2000 50 62 110 20 10000

V68ZA05 5 Z68 40 56 0.6 100 61 80 135 1 300

V68ZA2 7 68Z2 40 56 3 250 61 75 135 2.5 600

V68ZA3 10 68Z3 40 56 6.5 500 61 75 135 5 1500

V68ZA10 14 68Z10 40 56 13 1000 61 75 135 10 3300

V68ZA20 20 68Z20 40 56 33 2000 61 75 135 20 10000

V82ZA05 5 Z82 50 68 2 400 73 97 135 5 240

V82ZA2 7 82Z2 50 68 4 1200 73 91 135 10 500

V82ZA4 10 82Z4 50 68 8 2500 73 91 135 25 1100

V82ZA12 14 82Z12 50 68 15 4500 73 91 145 50 2500

Vl00ZA05 5 Z100 60 81 2.5 400 90 117 165 5 180

Vl00ZA3 7 100Z 60 81 5 1200 90 110 165 10 400

Vl00ZA4 10 100Z4 60 81 10 2500 90 110 165 25 900

Vl00ZA15 14 100Z15 60 81 20 4500 90 110 175 50 2000

V120ZA05 5 Z120 75 02 3 400 108 138 205 5 140

V120ZAl 7 120Z 75 02 6 1200 108 132 205 10 300

V120ZA4 10 120Z4 75 02 12 2500 108 132 200 25 750

V120ZA6 14 120Z6 75 02 22 4500 108 132 210 50 1700

V120ZA20 20 120Z20 75 02 33 6500 108 132 210 100 1500

V150ZA05 5 Z150 92 127 4 400 135 173 250 5 120

V150ZA1 7 Z051 95 127 8 1200 135 165 250 10 250

V150ZA4 10 150Z4 95 127 15 2500 135 165 250 25 600

V150ZA8 14 150Z8 95 127 20 4500 135 165 250 50 1400

V150ZA20 20 150Z20 95 127 45 6500 135 165 250 100 1000



Device Ratings and Specifications (Note 1) (Continued)
ZA Series Varistors are listed under UL File No. E135010 as a UL recognized component.

MAXIMUM RATING (85°C) SPECIFICATIONS (25°C)

CONTINUOUS TRANSIENT
MAXIMUM TYPICAL

PEAK VARISTOR VOLT- CLAMPING CAPAC 1-
ENERGY CURRENT AGEAT1mADC VOLTAGE TANCE

VRMS Voc 10 x 100011$ 8 x 2011$ TEST CURRENT 8 x 2011$ f = 1MHz
MODEL VNOM VNOMSIZE

MODEL DISC DEVICE VM(AC) VM(OC) WTM 11M MIN MAX Vc IpK C

NUMBER DIA.(mm) MARKING (V) (V) (J) (A) (V) (V) (A) (pF)

V180ZA05 5 Z180 110 153 5 400 162 207 295 5 100

V180ZA1 7 180Z 115 153 10 1200 162 198 300 10 200

V180ZA5 10 180Z5 115 153 18 2500 162 198 300 25 500

V180ZA10 14 180Z10 115 153 35 4500 162 198 300 50 1100

V180ZA20 20 180Z20 115 153 52 6500 162 198 300 100 2400

V205ZA05 5 Z205 130 170 5.5 400 184 226 340 5 100

V220ZA05 5 Z220 140 180 6 400 198 253 360 5 90

V240ZA05 5 Z240 150 200 7 400 216 264 395 5 80

V270ZA05 5 Z270 175 225 7.5 400 243 311 455 5 70

V330ZA05 5 Z330 210 275 9 400 297 380 540 5 60

V360ZA05 5 Z360 230 300 9.5 400 324 396 595 5 55

V390ZA05 5 Z390 250 330 10 400 351 449 650 5 50

V430ZA05 5 Z430 275 369 11 400 387 495 710 5 45

V470ZA05 5 Z470 300 385 12 400 420 517 775 5 35

V620ZA05 5 Z620 385 505 13 400 558 682 1025 5 33

V680ZA05 5 Z680 420 560 14 400 610 748 1120 5 32

V715ZA05 5 Z715 440 585 15.5 400 643 787 1180 5 31

V750ZA05 5 Z750 460 615 17 400 675 825 1240 5 30

NOTES:

1. Average power dissipation of transients not to exceed 0.2W. 0.25W, O.4W, 0.6W or 1W for model sizes 5mm, 7mm, 10mm, 14mm and
20mm, respectively.

2. Energy rating for impulse duration of 30ms minimum to one half of peak current.

3. 10mA DC test current.

4. Also rated to withstand 24V for 5 minutes.

5. Higher voltages available. contact Harris Semiconductor Power Marketing.
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Continuous power dissipation capability is not an applicable
design requirement for a suppressor, unless transients occur
in rapid succession. Under this condition, the average power
dissipation required is simply the energy (watt-seconds) per
pulse times the number of pulses per second. The power so
developed must be within the specifications shown on the
Device Ratings and Specifications table for the specific
device. Furthermore, the operating values need to be der-
ated at high temperatures as shown in Figure 1. Because
varistors can only dissipate a relatively small amount of
average power they are, therefore, not suitable for repetitive
applications that involve substantial amounts of average
power dissipation.
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AMBIENT TEMPERATURE (OC)

01 = Virtual Origin of Wave
T = Time From 10% to 90% of Peak

T1 = Virtual Front time = 1.25 • t
T2 = Virtual Time to Half Value (Impulse Duration)

Example: For an 8/20~s Current Waveform:
8~s = T1 = Virtual Front Time

20~s = T2 = Virtual Time to Half Value

MAX CLAMPING VOLTAGE
MODEL SIZE 5mm
8 TO 68VN(DC) RATING
TA = -55°C TO +850C

10.1 100 101 102 103
PEAK AMPERES (A)

FIGURE 3. CLAMPING VOLTAGE FOR V8ZA05 - V68ZA05
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FIGURE 4. CLAMPING VOLT AGE FOR V82ZA05 - V330ZA05
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FIGURE 5. CLAMPING VOLTAGE FOR V360ZA05 - V750ZA05
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FIGURE 7. CLAMPING VOLTAGE FOR V82ZA2 - V180ZA1
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FIGURE 9. CLAMPING VOLTAGE FOR V82ZA4· V180ZA5
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FIGURE 6. CLAMPING VOLTAGE FOR V8ZA1 • V68ZA2
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FIGURE 8. CLAMPING VOLTAGE FOR V8ZA2· V68ZA3
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FIGURE 10. CLAMPING VOLTAGE FOR V18ZA3· V68ZA10
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Pulse Rating Curves (Continued)
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FIGURE 1B. SURGE CURRENT RATING CURVES FOR V1BZA 1 -
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FIGURE 20. SURGE CURRENT RATING CURVES FOR VBZA2·
V127ZA2
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FIGURE 23. SURGE CURRENT RATING CURVES FOR Vl BZA3-
V6BZA10
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FIGURE 24. SURGE CURRENT RATING CURVES FOR VB2ZA 12-
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FIGURE 25. SURGE CURRENT RATING CURRENT FOR
Vl BZMO - V6BZA20
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FIGURE 26. SURGE CURRENT RATING CURVES FOR V120ZA20 - V1BOZA20

NOTE: If pulse ratings are exceeded, a shift of VN(DC) (at specified current) of more than ±10% could result. This type of shift, which nonmally
results in a decrease of VN(DC)' may result in the device not meeting the original published specifications, but it does not prevent the
device from continuing to function, and to provide ample protection.



• Conforms to ANSI and EIA specifications

• Can be supplied to IEC Publication 286-2

Radial devices on tape are supplied with crimped
leads, straight leads, or under-crimped leads

MODEL SIZE

SYMBOL PARAMETER 5mm 7mm 10mm 14mm 20mm

P Pitch of Component 12.7 ± 1.0 12.7± 1.0 25.4± 1.0 25.4± 1.0 25.4± 1.0

Po Feed Hole Pitch 12.7 ± 0.2 12.7 ± 0.2 12.7± 0.2 12.7 ± 0.2 12.7 ± 0.2

P1 Feed Hole Center to Pitch 3.85 ± 0.7 3.85 ± 0.7 2.6 ± 0.7 2.6 ± 0.7 2.6 ± 0.7

P2 Hole Center to Component Center 6.35 ± 1.0 6.35 ± 1.0 6.35± 1.0 6.35 ± 1.0 6.35 ± 1.0

F Lead to Lead Distance 5.0 ± 1.0 5.0 ± 1.0 7.5 ± 1.0 7.5± 1.0 7.5 ± 1.0

.1h Component Alignment 2.0 Max 2.0 Max 2.0 Max 2.0 Max 2.0 Max

W Tape Width 18.0 + 1.0 18.0 + 1.0 18.0 + 1.0 18.0 + 1.0 18.0 + 1.0
18.0 - 0.5 18.0 - 0.5 18.0 - 0.5 18.0 - 0.5 18.0 - 0.5

Wo Hold Down Tape Width 6.0 ± 0.3 6.0 ± 0.3 6.0 ± 0.3 6.0 ± 0.3 12.0 ± 0.3

W1 Hole Position 9.0 + 0.75 9.0 + 0.75 9.0 + 0.75 9.0 + 0.75 9.0 + 0.75
9.0·0.50 9.0·0.50 9.0 - 0.50 9.0 - 0.50 9.0 - 0.50

W2 Hold Down Tape Position 0.5 Max 0.5 Max 0.5 Max 0.5 Max 0.5 Max

H Height from Tape Center to 18.0 + 2.0 18.0 + 2.0 18.0 + 2.0 18.0 + 2.0 18.0 + 2.0
Component Base 18.0 - 0.0 18.0·0.0 18.0 - 0.0 18.0 - 0.0 18.0 - 0.0

Ho Seating Plane Height 16.0 ± 0.5 16.0 ± 0.5 16.0 ± 0.5 16.0 ± 0.5 16.0 ± 0.5

H1 Component Height 29.0 Max 29.0 Max 29.0 Max 29.0 Max 29.0 Max

Do Feed Hole Diameter 4.0 ± 0.2 4.0 ± 0.2 4.0 ± 0.2 4.0 ± 0.2 4.0 ± 0.2

t Total Tape Thickness 0.7 ±0.2 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2

L Length of Clipped Lead 11.0Max 11.0 Max 11.0 Max 11.0 Max 12.0 Max

.1p Component Alignment 3° Max 3° Max 3° Max 3° Max 3° Max

a:: en0'"•..0en:;)-0a:: 0
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RMS QUANTITY PER REEL
(MAX)

SIZE VOLTAGE "T" REEL "S" REEL "U" REEL

5mm All 1000 1000 1000

7mm All 1000 1000 1000

10mm All 1000 1000 1000

14mm < 300V 500 500 500

14mm ;,300V 500 500 500

20mm < 300V 500 500 500

20mm ;, 300V 500 500 500

Crimped leads are standard on ZA types supplied in tape
and reel and are denoted by the model letter "T". Model let-
ter "SO denotes straight leads and letter "un denotes special
under-crimped leads.

Example:

UNDER-
STANDARD CRIMPED STRAIGHT CRIMPED

MODEL LEADS LEADS LEADS

V18ZA3 V18ZT3 V18ZS3 V18ZU3

VARISTOR MODEL SIZE

5mm 7mm 10mm 14mm 20mm
SYM- VOLTAGE
BOL MODEL MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

A All 6 10 7.5 12 10 16 13.5 20 17.5 26.5
(0.236) (O.394) (0.295) (0.472) (0.394) (O.630) (0.531) (0.787) (O.689) (1.043)

00 All 6 7 7.5 9 10 12.5 13.5 17 17.5 23
(0.236) (O.276) (O.295) (0.354) (0.394) (O.492) (0.531) (0.669) (0.689) (0.906)

e All 4 6 4 6 6.5 8.5 6.5 8.5 6.5 8.5
(Note (0.157) (0.236) (O.157) (O.236) (O.256) (0.335) (0.256) (0.335) (O.256) (0.335)

1) (Note 1) (Note 1)

el V8ZA-V56ZA 1 3 1 3 1 3 1 3 1 3
(O.039) (0.118) (0.039) (0.118) (O.039) (0.118) (0.039) (O.118) (0.039) (0.118)

V68ZA- 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 NA NA
V100ZA (O.059) (0.138) (O.059) (O.138) (O.059) (0.138) (0.059) (O.138) (NA) (NA)

V120ZA· 1 3 1 3 1 3 1 1 NA NA
V180ZA (O.039) (0.118) (0.039) (O.118) (0.039) (0.118) (O.038) (0.118) (NA) (NA)

V220ZA· 1.5 3.5 .
V910ZA (0.059) (O.138) . -

E V8ZA-V56ZA 5 5 5 5 5
(0.197) (O.197) . (0.197) (O.197) (0.197)

V68ZA- 5.6 5.6 5.6 5.6 5.6
V100ZA (0.220) (O.220) (0.220) (O.220) (0.220)

V120ZA· 5 5 5 5 5
V180ZA (0.197) (0.197) (0.197) (O.197) (0.197)

V220ZA· 5.6 5.6 5.6 5.6 5.6
V910ZA (0.220) (0.220) (0.220) (O.220) (0.220)

0b All 0.585 0.685 0.585 0.685 0.76 0.86 0.76 0.86 0.76 0.86
(O.023) (0.027) (0.023) (O.027) (O.030) (0.034) (0.030) (O.O34) (O.030) (0.034)

NOTE: Dimensions in millimeters, inches in parentheses.

1. 10mm ALSO AVAILABLE; See Additional Lead Style Options.
V24ZA50 only supplied with lead spacing of 6.35mm ± 0.5mm (0.25 ± 0.197)



Radial lead types can be supplied with combination pre-
formed crimp and trimmed leads. This option is supplied to
the dimensions shown. ~~T~

TLTRIM

·Seating plane Interpretation per IEC-717

CRIMPED AND TRIMMED LEAD

VARISTOR MODEL SIZE

Smm 7mm 10mm 14mm 20mm

SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

A 13.0 15 19.5 22.5 29.0
(O.512) (0.591) (O.768) (O.886) (1.142)

LTR1M 2.41 4.69 2.41 4.69 2.41 4.69 2.41 4.69 2.41 4.69
(O.095) (0.185) (O.095) (0.185) (O.095) (0.185) (O.095) (O.185) (0.095) (O.185)

• To order this crimped and trimmed lead style, standard
radial type model numbers are changed by replacing the
model letter "ZA" with "ZC". This option is supplied in bulk
only.

Example:

STANDARD CATALOG
MODEL ORDER AS:

V18ZA3 V18ZC3

• For crimped leads without trimming and any variations to
the above, contact Harris Semiconductor Power Marketing.

• For 10/±1mm lead spacing on 20mm diameter models
only; append standard model numbers by adding "X10".

STANDARD CATALOG
MODEL ORDER AS:

V18ZA40 V18ZA40X10

a:(/)
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"Harris is committed to being a company

of the highest quality in every aspect

of its business activity"

John T. Hartley
Chairman, Harris Corporation

Success in the metal oxide varistor (MOV) industry means
more than simply meeting or exceeding the demands of
today's market. It also includes anticipating and accepting
the challenges of the future. It results from a process of con-
tinuing improvement and evolution, with perfection as the
constant goal.

Harris Semiconductor's commitment to supply only top value
varistors has made quality improvement a mandate for every
person in our work force - from designer to manufacturing
operator, from hourly employee to corporate executive.
Price is no longer the only determinant in marketplace
competition. Quality, reliability, and performance enjoy
significantly increased importance as measures of value
in MOVs.

Quality in varistors cannot be added on or considered after
the fact. It begins with the development of capable process
technology and product design. It continues in
manufacturing, through effective controls at each process or
step. It culminates in the delivery of products which meet or
exceed the expectations of the customer.

Vision

Total Quality, every minute of every day, for everyone who
depends on our performance.

Charter

To be the preferred supplier of high performance
semiconductors for analog, digital signal processing and
power applications.

Throughout the 80's the pace of change of what has been
considered 'acceptable' quality has been breathtaking. It has
been a transition from percentage defective, to under
100 ppm, undertaken only by those who are still in business.
The forces of change have been those of customer
expectation and natural selection. Harris varistors have
followed a path of strong and steady continuous
improvement which today results in world-class end-product
quality and reliability.

The Total Quality Management principles used to create the
Quality System, within which Harris varistors are made, are
based on five principles. Emanating from the top of the
Corporation, they are evident throughout the Semiconductor
Sector, and affect the conduct of business in a profound way.

Customer Focus

Customer satisfaction is the paramount purpose of all
company activities. Meeting the requirements and value
expectations of our internal and external customers is the
primary task of every employee.

Continuous Improvement

Our planning activities will recognize continuous
improvement as a primary business objective. Our products
and services, together with the processes and systems
which produce them, will be world class.

Employee Involvement

We will provide an environment and related value system in
which all Harris people are personally involved, individually
and as team members, in establishing and achieving quality
goals.

Supplier Partnerships

We will develop and maintain mutually beneficial partner-
ships with suppliers who share our commitment to achieving
increased levels of customer satisfaction through continuing
improvements in quality, service, timeliness and cost.

Highest Standards of Conduct, Ethics and Integrity

We will conduct our business in strict compliance with
applicable laws, rules and regulations; with honesty and
integrity; and with a strong commitment to the highest
standards of business ethics.

Preparing for ISO 9000 certification means that a company
as a whole looks at its total system; operational waste is
eliminated and quality procedures are firmly put in place
from the grass roots level all the way to the board room. This
certification focuses on the concept of stating what you do,
documenting what you do and then doing what you say.
Simply put, this means it is necessary to document the
operation from when raw material is purchased right through
to the finished product. This quality management system
begins with the management responsibility, including the
policy statement and explanation. It also requires that the
authority and responsibility be clearly defined for all
functions. ISO 9000 assures a system approach to quality
control. It represents a basic look at the business that is a
very good way to view manufacturing and operations
(Figure 1).

Obtaining ISO certification really stresses the quality
concepts of supplier quality, supplier partnership, and
manufacturing control. The pursuit of this international
certification clearly focuses on process and as a result
empowers all company employees through the
documentation and understanding that is necessary in
becoming certified.



The ISO 9000 series of standards are generic in nature. The
United States has adopted the ISO series word for word as
the ANSVASQC Q90 series. ISO 9000 and ISO 9004 are
basically glossary documents. A company can really only be
certified to ISO 9001, ISO 9002 and ISO 9003.

The Harris MOV facility has been a registered ISO 9001
company since 1989. ISO 9001 is a model for quality
assurance in the design/development, production,
installation and servicing. This certification requires the
demonstration of a supplier's capability to design, produce,
install and service a product. ISO 9001 certification requires
verification by independent auditors four times a year to
ensure compliance.

The emphasis on building quality into the design and manu-
facturing processes of a product has resulted in a significant
refocus of the role of the Quality organization. In addition to
facilitating the development of SPC and DOX programs and
working with manufacturing to establish control charts, Qual-
ity professionals are involved in the measurement of equip-
ment capability, standardization of inspection equipment and
processes, analysis of inspection data and feedback to the
manufacturing areas, coordination of efforts for process and
product improvement, optimization of raw materials quality,
and the development of quality improvement programs with
vendors.

At critical manufacturing operations, process and product
quality is analyzed through random statistical sampling and
product monitors. The Quality organization's role is changing
from policing quality to leadership and coordination of quality
programs or procedures through auditing, sampling,
consulting, and managing Quality Improvement projects.

To support specific market requirements, or to ensure
conformance to military or customer specifications, the
Quality organization still performs many of the conventional
quality functions. But, true to the philosophy that quality is
everyone's job, much of the traditional on-line measurement
and control of quality characteristics is where it belongs - w~h
the people who make the product. The Qual~ organization is
there to provide leadership and assistance in the deployment
of quality techniques, and to monitor progress.

Harris Semiconductor's quality methodology is evolving
through the stages shown in Figure 2. In 1985 we embarked
on a program to move beyond Stage I, and we are currently
in the transition from Stage II to Stage III, as more and more
of our people become involved in quality activities. The tradi-
tional "quality· tasks of screening, inspection, and testing are
being replaced by more effective and efficient methods, put-
ting new tools into the hands of all employees.

t STAGE IV I
PRODUCT NI

CTON OPTIMIZATION
DUCT STAGE III
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PROCESS
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Harris Semiconductor offers a variety of standard product
flows which cover the myriad of application environments
our customers experience. All of these grades have one
thing in common. They result from meticulous attention to
quality, starting with design decisions made during product
development and ending with the labeling of shipping con-
tainers for delivery to our customers.

Wherever feasible, and in accordance with good value engi-
neering practice, the MOV user should specify device grades
based on the standard Harris manufacturing flow. These are
more than adequate for the overwhelming majority of applica-
tions and may be utilized quite effectively if the user engineer
bases designs on the standard data sheet, military drawing or
slash sheet (as applicable) electrical limits.

Some of the more important advantages gained by using
standard as opposed to custom flows are as follows:

• Lower cost than the same or an equivalent flow executed
on a custom basis. This results from the higher efficiency
achieved with a constant product flow and the elimination
of such extra cost items as special fixturing, test pro-
grams, additional handling and added documentation.

• Faster delivery. The manufacturer often can supply many
items from inventory and, in any case, can establish and
maintain a better product flow when there is no need to
restructure process and/or test procedures.

• Increased confidence in the devices. A continuing flow of
a given product permits the manufacturer to monitor
trends which may bear on end-product performance or
reliability and to implement corrective action, if necessary.

Reduction of risk. Since each product is processed indepen-
dent of specific customer orders, the manufacturer absorbs
production variability within its scheduling framework without
major impact on deliveries. In a custom flow, a lot failure late
in the production cycle can result in significant delays in
delivery due to the required recycling time.

Despite the advantages of using standard flows, there are
cases where a special or custom flow is mandatory to meet
design or other requirements. In such cases, the Harris Mar-
keting groups stand ready to discuss individual customer
needs and, where indicated, to accommodate appropriate
custom flows.

Assuring quality and reliability in MOVs begins with good
product and process design. This has always been a
strength in Harris Semiconductor's quality approach. We
have a very long lineage of high reliability, high performance
products that have resulted from our commitment to design
excellence. All Harris products are designed to meet the
stringent quality and reliability requirements of the most
demanding end equipment applications, from military and
space to industrial and automotive. The application of new
tools and methods has allowed us to continuously upgrade
the design process.

Each new design is evaluated throughout the development
cycle to validate the capability of the new product to meet
the end market performance, quality, and reliability
objectives.

The validation process has four major components:

1. Design simulation/optimization

2. Layout verification

3. Product demonstration

Controlling and Improving the
Manufacturing Process SPCIDOX
Statistical process control (SPC) is the basis for quality
control and improvement at Harris Semiconductor. Harris
manufacturing people use Shewhart control charts to
determine the normal variabilities in processes, materials,
and products. Critical process variables are measured and
control limits are plotted on the control charts. Appropriate
action is taken if the charts show that an operation is outside
the process control limits or indicates a trend toward the
limit. These same control charts are powerfUl tools for use in
reducing variations in processing, materials, and products.

SPC is important, but still considered only part of the
solution. Processes which operate in statistical control are
not always capable of meeting engineering requirements.
The conventional way of dealing with this in the
semiconductor industry has been to implement 100%
screening or inspection steps to remove defects, but these
techniques are insufficient to meet today's demands for the
highest reliability and perfect quality performance.

Harris still uses screening and inspection to "grade" products
and to satisfy specific customer requirements. However,
inspection and screening are limited in their ability to reduce
product defects to the levels expected by today's buyers. In
addition, screening and inspection have an associated
expense, which raises product cost.

Harris engineers are, instead, using Design of Experiments
(DOX), a scientifically disciplined mechanism for evaluating
and implementing improvements in product processes,
materials, equipment, and facilities. These improvements
are aimed at reducing the number of defects by studying the
key variables controlling the process, and optimizing the
procedures or design to yield the best result. This approach
is a more time-consuming method of achieving quality
perfection, but a better product results from the efforts, and
the basic causes of product nonconformance can be
eliminated.

SPC, DOX, and design for manufacturability, coupled with
our 100% test flows, combine in a product assurance
program that delivers the quality and reliability performance
demanded for today and for the future.



Harris facilities, engineering, manufacturing, and product
assurance are supported by the Analytical Services Labora-
tory. Organized into chemical or microbeam analysis meth-
odology, staff and instrumentation from both labs cooperate
in fully integrated approaches necessary to complete analyt-
ical studies. The capabilities of each area are shown below.

Spectroscopic Methods: Colorimetry, Optical Emission,
Ultraviolet Visible, Fourier Transform-Infrared, Flame Atomic
Absorption, Furnace Organic Carbon Analyzer, Mass
Spectrometer.

Chromatographic Methods: Gas Chrornatography, Ion
Chromatography.

Thermal Methods: Differential Scanning Colorimetry, Ther-
mogravimetric Analysis, Thermomechanical Analysis.

Physical Methods: Profilometry, Microhardness, Rheometry.

Chemical Methods: Volumetric, Gravimetric, Specific Ion
Electrodes.

Electron Microscope: Transmission Electron Microscopy,
Scanning Electron Microscope.

X-Ray Methods: Energy Dispersive X-Ray Analysis (SEM),
Wavelength Dispersive X-Ray Analysis (SEM), X-Ray
Fluorescence Spectrometry, X-Ray Diffraction Spectrometry.

Surface Analysis Methods: Scanning Auger Microprobe,
Electron Spectroscope/Chemical Analysis, Secondary Ion
Mass Spectrometry, Ion Scattering Spectrometry, Ion Micro-
probe.

The department also maintains ongoing working
arrangements with commercial, university, and equipment
manufacturers' technical service laboratories, and can
obtain any materials analysis in cases where instrumental
capabilities are not available in our own facility.

The purpose of this system is to enable Harris' Field Sales
and Quality operations to properly route, track and respond
to our customers' needs as they relate to product analysis.
The Product Failure Analysis Solution Team (PFAST) con-
sists of the group of people who must act together to provide
timely, accurate and meaningful results to customers on
units returned for analysis. This team includes the salesman
or applications engineer who gets the parts from the cus-
tomer, the PFAST controller who coordinates the response,
the Product or Test Engineering people who obtain charac-
terization and/or test data, the analysts who failure analyze
the units, and the people who provide the ultimate corrective
action. It is the coordinated effort of this team, through the
system described in this document that will drive the Cus-
tomer responsiveness and continuous improvement that will
keep Harris on the forefront of the semiconductor business.

The system and procedures define the processing of prod-
uct being returned by the customer for analysis performed
by Product Engineering, Reliability Failure Analysis and/or
Quality Engineering. This system is designed for processing
"sample" returns, not entire lot returns or lot replacements.

The philosophy is that each site analyzes its own product.
This applies the local expertise to the solutions and helps
toward the goal of quick turn time.

Goals: Quick, accurate response, uniform deliverable (con-
sistent quality) from each site, traceability.

The PFAST system is summarized in the following steps:

1. Customer calls the sales rep about the unit(s) to return.

2. Fill out PFAST Action Request see the PFASTform in this
section. This form is all that is required to process a Field
Return of samples for failure analysis. This form contains
essential information necessary to perform root cause
analysis. (See Figure 5).



3. The units must be packaged in a manner that prevents
physical damage. Send the units and PFAST form to the
appropriate PFAST controller. This location can be
determined at the field sales office or rep using "look-up"
tables in the PFAST document.

4. The PFAST controller will log the units and route them to
ATE testing for data log.

5. Test results will be reviewed and compared to customer
complaint and a decision will be made to route the failure
to the appropriate analytical group.

6. The customer will be contacted with the ATE test results
and interim findings on the analysis. This may relieve a
line down situation or provide a rapid disposition of
material. The customer contact is valuable in analytical
process to insure root cause is found.

7. A report will be written and sent directly to the customer
with copies to sales, representatives, responsible individ-
uals with corrective actions and to the PFAST controller
so that the records will capture the closure of the cycle.

8. Each report will contain a feedback form (stamped and
preaddressed) so that the PFAST team can assess their
performance based on the customers assessment of
quality and cycle time.

9. The PFAST team objectives are to have a report in the
customers hands in 28 days, or 14 days based on agree-
ments. Interim results are given realtime.

Failure Analysis Laboratory

The Failure Analysis Laboratory's capabilities encompass
the isolation and identification of all failure modeslfailure
mechanisms, preparing comprehensive technical reports,
and assigning appropriate corrective actions.

Failure analysis is a method of enhancing product reliability
and determining corrective action. It is the final and crucial
step used to isolate potential reliability problems that may
have occurred during reliability stressing. Accurate analysis
results are imperative to assess effective corrective actions.
To ensure the integrity of the analysis, correlation of the fail-
ure mechanism to the initial electrical failure is essential.

A general failure analysis procedure has been established.
The analysis procedure was designed on the premise that
each step should provide information on the failure without
destroying information to be obtained from subsequent
steps. The exact steps for an analysis are determined as the
situation dictates. (See Figures 3 and 4). Records are main-
tained by laboratory personnel and contain data, the failure
analyst's notes, and the formal Product Analysis Report.

The Harris quality system meets or exceeds a wide range of
standards, which indicates, together with the knowledge that
each standard involves surveillance audits, up to four times

per year, that the quality system is complete, and its integrity
is being maintained.

CECC 00100 The European Standard harmonization
agency, CENELEC Electronic Component
Committee, awarded Harris their "Certificate
of Approval of Manufacture". Rej'n #MOlO, in
1986.

ISO 9000
Part 1

MILQ9858A,
MIL-I-45208

The quality system meets all of the
requirements of ISO 9000 Part 1(ISO 9001).

Harris is a MIL-R-83530 QPL supplier and
conforms to these standards, as well as
those referenced by them.

Certain product certifications with UL, CSA, VDE, IEC,
JEDEC, DESC and the CECC QPL system also exist.

The basis of a successful transition from conventional qual-
ity programs to more effective, total involvement is training.
Extensive training of personnel involved in product manufac-
turing began in 1984 at Harris, with a comprehensive devel-
opment program in statistical methods. Using the resources
of the private consultants, and intemallY developed pro-
grams, training of engineers, supervisors, and operators!
technicians has been completed.

Nearly 200 operators, 10 supervisors, and more than 25
engineers have been trained in SPC methods, providing
them with tools to improve the overall level of uniformity of
Harris products. 25 engineers have received training in DOX
methods: learning to evaluate changes in process opera-
tions, set up new processes, select or accept new equip-
ment, evaluate materials, select vendors, compare two or
more pieces of equipment, and compare two or more pro-
cess techniques.

Over the past four years, Harris has also deployed a
comprehensive training program for hourly operators and
supervisors in job requirements and functional skills. All
hourly manufacturing employees participate (see Table 1).

The Harris Varistor is a rugged, reliable voltage transient
suppressor designed to improve the reliability of electronic
systems. Proper system design with this varistor, as detailed
in other parts of this manual, will clamp transient voltages to
a level compatible with long-life of the electronic system. To
assure Harris Varistor reliability, Harris performs ex1ensive
process and quality control monitoring. This is accomplished
via a combination of 100%, periodic, and lot testing. Both
parametric and reliability characteristics are controlled in this
manner.
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PFAST ACTION REQUEST

ORIGINATOR
LoCATIONIPHONE No.
DEVICE TvpE!P ART No.
No. SAMPLES RETURNED

Request # _

Customer Analysis # .

Date:

CuSTOMER

loCATION
PURCHASE ORDER No.
QUANIlTY RECEIVED

nre COMPLETENESSAND TIMELY RESPONSEOF THE EVALUATION IS DIRECTLYRELATED TO THE COMPLETENESS
OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENTDATA. ATTACH ADDITIONALSHEETS IF NECESSARY.

1. 0 INCOMING INSPECTION
o 100% SCREEN 0 SAMPLE INSPECTION

No. TEsTED No. OF REJECTS
ARE RESULTS REPRESENTATIVEOF PREVIOUS LOTS?

o YES 0 NO
o BRIEF DESCRIPTIONOF EVALUATION

AND RESULTS ATTACHED
2. 0 IN PROCESS!MANUFACTURING FAILURE

o BOARD CHEcKOUT 0 SYSTEM CHECKOUT
o FAILED ON TuRN-ON
o FAILED AFTER HOURS OPERATION

WAS UNIT RETESTED UNDER INCOMING INSPECTION
CONDITIONS? 0 YES 0 NO

o BRIEF DESCRIPTION OF HOW FAILURE WAS ISOLATED
TO COMPONENT ATTACHED

3. 0 FIELD FAILURE
FAILED AFTER HOURS OPERATION
ESTIMATED FAILURE RATE __ % PER 1000 HOURS
END USER LocATION --:,-
AMBIENT TEMPERATURE C
MIN. C MAx. C
REI- HUMIDITY %

o END USER FAILURECORRESPONDENCEATTACHED

ACTION REQUESTED BY CUSTOMER

CUSTOMER CONTACTS WITH SPECIFIC KNOWLEDGE OF REJECTS
NAME -::- _
POSITION PHONE _

DETAILS OF REJECT
(Where appropriale serialize units and specify for each)

TEsT CONDITIONS RELATING TO FAILURE
o TEsTER USED (MFGR/MODEL)
o TEsT TEMPERATURE _
o TEST TIME: 0 CONTINUOUS TEsT

o ONE SHOT (f = __ SEC)
o DESCRIPTION OF ANY OBSERVED CONDIl10N TO

WHICH FAILURE APPEARS SENSITIVE: _

1. 0 DC FAILURES
o OPENS 0 SHORTS 0 LEAKAGE 0 STRESS
o POWER DRAIN 0 INPUT LEVEL 0 OlJIl'UT LEVEL
o LIST OF FORCING CONDIl10NS AND MEASURED

RESULTS FOR EACH PIN IS ATTACHED
o POWER SUPPLY SEQUENCING ATTACHED

2. 0 AC FAILURES
LISTFAlUNGCHARACTERISl1~ _

ATTACHED:
o LIST OF POWER SUPPLY AND DRIVER LEVELS

(Include pictures of wavefonns).
o LIST OF OlJIl'UT LEVELS AND LOADING CONDIl10NS
o INPUT AND OUTPUT TIMING DIAGRAMS
o DESCRIPTION OF PATTERNS USED

(If not slandard patlerns, give very complele
description including address sequence).

3. 0 PROM PROGRAMMING FAILURES
ADDRESS OF FAILURES _

PROGRAMMERUSED (MFG/MODEUREV. NO.)

4. 0 PHYSICAIJAssEMBLY RELATED FAILURES
o SEE COMMENTS BELOW 0 SEE ATTACHED



COURSE AUDIENCE LENGTH TOPICS COVERED

SPC Manufacturing 8 Hours Basic Philosophy, Statistical Calculations Graphing Techniques,
Operators Pareto Charts, Control Charts

SPC Manufacturing 21 Hours Basic Philosophy, Statistical Calculations Graphing Techniques,
Supervisors Pareto Charts, Control Charts, Testing for Inspector Agreement,

Cause & Effect Diagrams, 1 & 2 Sample Methods

SPC Engineers and 48 Hours Basic Philosophy, Graphical Methods, Control Charts, Rational
Managers Subgrouping, Variance Components, 1 & 2 Sample Methods, Pareto

Charts, Cause & Effect Diagrams

DOX (Design of Engineers and 88 Hours Factorial Designs, Fractional Factorial Designs, Blocking Designs,
Experiments) Managers Variance Components, Computer Usage, Normal Probability Plolting

Continuous Improve- Manufacturing 12 Hours Basic Philosophy, Pareto Analysis, Imagineering, Run Charts, Cause
ment Methods Supervisors & Effect Diagrams, Histograms, Ideas of Control Charts

SPC-The Essentials Department- 20 Hours Basic Philosophy, of Continuous Improvement, Imagineering Pareto
Level Work Charts, Cause & Effect Diagrams, Flow Charts, Graphical Display,
Groups Control Charts, Ideas of Experiment

In addition to the already widespread use of statistics, SPC and DOX the following tools are now being widely distributed throughout the
whole workforce.

·P.M. Preventative Maintenance

• T.P.M. Total Productive Maintenance

·F.M.E.A. Failure Mode Effect Analysis

· A.C.T. P.T.M Applying Concurrent Teams to Product to Market

• A.F.E. Agreement for Excellence

·Process Characterization Skills

·Project Management

· Concurrent Engineering

For example, Harris Varistors are classified into two catego-
ries; a "line voltage" type (above 115VRMS) and a "low volt-
age" type (below 115VRMS)' Reliability evaluation has been
conducted on both types under the conditions summarized
in Table 2.

As improved products, processes, and test procedures
evolve, the applicability of past data to reliability assessment
changes. ThUS, the data presented in this chapter
represents a "snapshot in time" of data applicable to the
Harris Varistors being manufactured now and for the
anticipated future. The test data has been generated at very
high stress levels, at or beyond maximum ratings, to confirm
the product's ability to meet these ratings and to obtain the
most information in the shortest time period. Results of AC
voltage and DC power bias tests are used in the generation
of models from which the expected life as a function of
stress can be obtained.

TEST CONDITION STRESS

Voltage AC Bias, DC Power

Temperature 85°C, 125°C

Energy Pulse

Storage 125°C, 150°C

Humidity 85°C, 85% RH

Mechanical Solderability, Terminal Strength, Drop
Shock, Vibration

A general "High Reliability" series of Harris Varistors is also
available. These are specially stress-screened devices for
high reliability applications.
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High Reliability Harris Varistors are the latest step in
increased product performance, and are available for appli-
cations requiring quality and reliability levels consistent with
military test methods.

Reliability Assessment and Enhancement

At Harris Semiconductor, reliability is built into every product
by emphasizing quality throughout manufacturing. This starts
by ensuring the excellence of the design, layout, and manu-
facturing process. The quality of the raw materials and work-
manship is monitored using statistical process control (SPC)
to preserve the reliability of the product. The primary and ulti-
mate goal of these efforts is to provide full performance to the
product specification throughout its useful life. Product reliabil-
ity is maintained through the following sources: Qualifications,
In-Line Reliability Monitors, Failure Analysis.

Reliability, by its nature, is a mixture of engineering and
probability statistics. This combination has derived a
vocabulary of terms essential for describing the reliability of
a device or system. Since reliability involves a measurement
of time, it is necessary to accelerate the failures which may
occur. This, then, introduces terms like "activation energy"
and "acceleration factor," which are needed to relate results
of stressing to normal operating conditions (see Table 3).
Also, to assess product reliability requires failures.
Therefore, only a statistical sample can be used to
determine the model of the failure distribution for the entire
population of product.

TERMSIDEFINITIONS UNITSIDESCRIPTION

FAILURE RATE (A) FIT (Failure In Time)

For Semiconductors, usually expressed in FITs. 1 FIT - 1 failure in 109 device hours.

Represents uselullife failure rate (which implies a constant failure Equivalenllo 0.0001%/1000 hours
rate). FITs =
FITs are not applicable for infant mortality or wearout failure rate # Failures x 109 X m
expressions. # Devices x # hours stress x AF

m - Factor to establish Confidence Interval

109 - Establishes in terms of FITs

AF - Acceleration Factor at temperature for a given failure
mechanism

MTTF (Mean Time To Failure) Mean Time is measured usually in hours or years.

For semiconductors, MTTF is the average or mean life expectancy 1 Year = 8760 hours
of a device.

When working with a constant failure rate the MTTF can be calcu-
li an exponential distribution is assumed then the mean time to fail lated by taking the reciprocal of the failure rate.
of the population will be when 63% of the parts have failed.

MTTF = IIA (exponential model)

Example: =10 FITs at +55OC

The MTTF is: MTTF= IIA = 0.1 x 109 hours
= 100M hours

CONFIDENCE INTERVAL (CI) Example:

Establishes a Confidence Interval for failure rate predictions. Usu- "10 FITs at a 95% C. I. at 55°C" means only that you are 95% cer-
ally the upper limit is most significant in expressing failure rates. tain the FITs <10 at +550C use conditions.



Failure Rate Calculations

Reliability data for products may be composed of several
different failure mechanisms and requires careful combining
of diverse failure rates into one comprehensive failure rate.
Calculating the failure rate is further complicated because
failure mechanisms are thermally accelerated at varying
rates and thereby have differing accelerating factors.
Additionally, this data is usually obtained on a variety of life
tests at unique stress temperatures. The equation below
accounts for these considerations and then inserts a
statistical factor to obtain the confidence interval for the
failure rate.

[

~ x ] 9,"' ; Mxl0,,= ""' k x---p-
j = 1 I. TDH

i
x AFji I. xj

j = 1 j = 1

where

A= Failureratein FITs

Il = Numberof distinctpossiblefailuremechanisms

k = Numberof life testsbeingcombined

Xj= Numberof failuresfora givenfailuremechanismI= 1,2, .. Il

TDHi= Totaldevicehoursof test time for life test J, J = I, 2, ... k

AF;i= Accelerationfactorfor appropriatefailuremechanismI = 1,
2, ... k

M=1/2l(a.l,+l)

where

Xl = Chi·squarefactorfor 2r + 2 degreesof freedom

r = Totalnumberof failures (LX;)

a = Riskassociatedwiththe confidencelimit

In the failure rate calculation, Acceleration Factors (AFjj) are
used to derate the failure rate from thermally accelerated
Life Test conditions to a failure rate indicative of use temper-
atures. Though no standards exist, a temperature of +550C
has been popular and allows some comparison of product
failure rates.

Acceleration Factors

The Acceleration Factors (AF) are determined from the
Arrhenius Equation. This equation is used to describe phys-
iochemical reaction rates and is an appropriate model for
expressing the thermal acceleration of semiconductor failure
mechanisms.

AF= EXP[~(_1 1_)]
K TUSE TSTRESS

AF = AccelerationFactor

EA = ThermalActivationEnergyin eV

K = Boltzmann's Constant( 8.62x 10-5eV/oK)

Both TUSEand TSTRESS(in degrees Kelvin) include the inter-
nal temperature rise of the device and therefore represent
the junction temperature. With the use of the Arrhenius
Equation, the thermal Activation Energy (EA) term is a major
influence on the result. This term is usually empirically
derived and can vary widely.

Activation Energy

To determine the Activation Energy (EA) of a mechanism you
must run at least two (preferably more) tests at different
stresses (temperature and/or voltage). The stresses will pro-
vide the time to failure (Tf) for the populations which will
allow the simultaneous solution for the Activation Energy by
putting the experimental results into the following equations.

Then, by subtracting the two equations, the Activation
Energy becomes the only variable, as shown.

The Activation Energy may be estimated by graphical analy-
sis plots. Plotting In time and In temperature then provides a
convenient nomogram that solves (estimates) the Activation
Energy.

All Harris Reliability Reports from qualifications and Group
C1 (all high temperature operating life tests) will provide the
data on all factors necessary to calculate and verify the
reported failure rate (in FITs) using the methods outlined in
this primer.

Many applications of Harris Varistors are as transient sup-
pressors on an AC line. The varistor is connected across the
AC line voltage and is biased with a constant amplitude sinu-
soidal voltage. If the varistor current increases with time, the
power dissipation will also increase, with the ultimate possi-
bility of thermal runaway and varistor failure. Because of this
possibility, an extensive series of statistically designed tests
were performed to determine the reliability of this type of
varistor under AC bias combined with high levels of temper-
ature stress. This test series contained over one million
device hours of operation at temperatures up to 150oC. The
average duration of testing ranged from 7000 hours at low
stress to 495 hours at high stress. The definition of failure is
a shift in VN exceeding ±10%. Although this type of varistor
is still functioning normally after this magnitude of shift,
devices at the lower extreme of VN tolerance will begin to
dissipate more power. As previously explained, this could
ultimately lead to failure. This choice of failure definition, in



combination with the lower stresses found in applications,
will provide life estimates adequate for most design require-
ments.

The results of these accelerated high level tests showed that
the response of the Harris Varistor is an excellent fit to the
Arrhenius model, i.e., the expected mean life is logarithmi-
cally related to the inverse of the absolute temperature. This
type of Arrhenius model response is shown in Figure 6 for
the line voltage and the low voltage types of varistors. As
shown in the illustrations this response can be described in
the following general equation.

Where:
Ab = MeanTimeto Failure

EA = ActivationEnergy(eV)

K = Boltzmann'sConstant(8.63x 10-5eV/K)

T = AbsoluteTemperature(K)

A = Constant

This type of statistical model also allows a prediction of the
mean life that can be expected at normal operating tempera-
tures. The usual ambients are well below the temperature
levels chosen for accelerated testing. For example, a
V130LA10A operating at 130VACin a 55°C environment has
a mean life, from Figure 6A, of about 9,152,824 hours (1045
years). Note at the lower bias voltage an even longer mean
life is expected. Although the V130LA and V68ZA type
devices are specifically described, the results are represen-
tative of other types of Harris Varistors. Additional evidence
of the conservative ratings of the Harris Varistor is the
absence of systematic or repeated field failures during over
fifteen years of product use.
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FIGURE 68. LOW VOLTAGE HARRIS VARISTOR

FIGURE 6. ARRHENIUS MODELS OF VARISTOR MEAN LIFE
vs TEMPERATURE

It is noted that the mean life curves have a steep slope. This
indicates a high activation energy. As operating temperature
is decreased, the mean life increases rapidly. Also, as the
voltage stress is lowered, life expectancy will also increase.
The maximum stress curve represents the worst-case condi-
tion of a device at its lowest voltage limit operated at the
maximum allowable rating. In usual practice, the median of a
population of devices will operate close to the 80% voltage
stress curve.

For some applications the circuit designer requires other sta-
bility information to assess the effects of time on circuit
performance. Figures 7, 8, and 9 illustrate the stability of
additional Harris Varistor parameters when operated at max-
imum rated voltage and 100°C for 10,000 hours (-1.15
years). The graphs indicate upper decile, median and lower
decile response, furnishing useful design information on the
stability of VN, standby power drain, and the nonlinear expo-
nent (a).

SAMPLE SIZE n = 43
DEVICE TYPE: V130LA
OPERATING LIFE: V = 130VRMS AT TA = 100°C
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SAMPLE SIZE n = 43
DEVICE TYPE: V130LA
OPERATING LIFE: V = 130VRMS AT TA = 100°C

(l MEASURED AT: 0.1 TO 1.0mA
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Harris Varistors are also applied across DC power lines
where transient impulses may occur. This application more
frequently uses the low voltage type of device. The varistor
is designed to have high reliability when the DC bias voltage
is below VN, where the current is of the order of microam-
peres and little average power is dissipated. This operation
is analogous to the AC bias condition.

Varistors can operate reliably under power dissipation from
intermittent transient pulses. Ratings are provided in the
specifications for this type of service. Operation is not char-
acterized for continuous power dissipation since transient
applications generally do not require this capability. The
stress under continuous power dissipation can be severe
and its effects are shown below for design guidance.

DC Bias Voltage Tests

The application of a constant DC voltage within device rat-
ings to the Harris Varistor results in a low stress. A high
degree of stability is desired, as in the AC voltage case, as
the danger of increasing power dissipation with time exists.

Life tests of Harris Varistors on constant DC voltage bias at
accelerated test conditions were conducted. Measurements
indicate stability is at least comparable to the results of AC
voltage tests. The data is illustrated in Figure 10.

Failure criteria on this test is defined as a ±10% shift in VN.

No units exceeded this failure limit during the 3000-hour
accelerated test. It should be noted that the polarity of
parameter readout is the same as the polarity of the stress.

SAMPLE SIZE n = 30
DEVICE TYPE: V68ZA
DC VOLTAGE LIFE: V = 56Voc, TA = 125°C
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Application of a constant current to the varistor results in
nearly a constant power condition. In practice, a constant
power life test can be implemented easily, using a current
limiting resistor and a voltage source about twice VN for sig-
nificant power levels that are above the rating. The long-term
response is characterized by a continuing increase in leak-
age current, especially noticeable at low voltages. This is
illustrated in Figure 11. This test is at a high stress compared
to the normal application levels. The change in leakage
causes VN to fall gradually with time. This is illustrated by
Figures 12 and 14 showing VN vs time.

SAMPLE SIZE n = 20
DEVICE TYPE: V24ZA4 (SIMILAR TO V22ZA3)
DC POWER LIFE: Po = 0.6W AT TA = 55°C
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The response to DC power life may be put into further per- ARRHENIUSMODEL
spective with an analysis of a series of accelerated tempera-

10' I I I I I
ture tests. These tests were run on low voltage products at DCP WER LIFEAT 0.6W
stress temperatures of 55°C, 100°C, 125°C, and 145°C.

107
(MAX MUMRATEDPOWER) II)

The change in low voltage leakage current was selected as a:
~ *** «

the most sensitive indicator of degradation and was plotted
w

~106 >
against time. The device end-of-Iife was defined at a leakage ,.". 100z

::i --' 50 OJ
current limit of 100~A. The mean life results were found to ~ 10'

i!:~, !O .J

be a good fit to the Arrhenius model as shown in Figure 13. w
*1·'

z:IE «
The self-heating caused by device power dissipation was 10' 1 w

:IE
added to the ambient temperature of the test. This Arrhenius

103model can be used to predict mean life at normal operating DEVICETYPE: V24ZA4 (SIMILARTO V22ZA3)
temperatures by extrapolation. For example, at 55°C operat- FAILURECRITERIA: IL O.lmA AT 10V ,
ing ambient, a mean life of 2,400,000 hours (271 years) con- 180 160 140 120 100 90 80 70 60 50 40 3025
tinuous operation is projected. This is equivalent to a

AMBIENTTEMPERATURE("C)
constant average failure rate of 0.42 Parts Per Million or
0.042% per 1,000 hours. FIGURE 13. RELIABILITY MODEL DC POWER LIFE

With judicious derating to a modest power level, the varistor Pulse Energy Capability
may be used at continuous power dissipation on a DC line.
These applications are limited and highly specialized as the The ability of the Harris Varistor to absorb large amounts of
device is intended primarily for intermittent, transient service. transient energy is the key to its utility. No other suppressor

device combines equal pertormance with the same
28 economic advantage. Pulse energy is absorbed throughout

PERCENTILES the bulk of the device. The effect of pulse stress is to shift

90TH the low current end of the V-I characteristic as illustrated in

26
( Figure 14. With sufficient stress (unipolar) the curve will

become asymmetrical as shown in Figure 14A. Other forms

~
50TH of electrical or temperature stress affect the low current

<; 'I region as well. The general response to most stress is a shift
0 of the low current V-I segment to the right. That is the main'!' 24
> reason for the consistent use of the failure definition as a~- 10TH

I
change in VN(DC) of ±10%.
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At voltages above VN(DC), little change is observed in
response to pulsing or other types of stress. The varistor will
continue to provide adequate clamping protection after
stressing, up to the point of catastrophic failure. At
catastrophic failure the device exhibits a short-circuit punch-
through. It takes an extremely high energy pulse to cause
this type of failure which is a melting of the ceramic body.
More frequently, it is AC current from the power line that
causes the pulse-weakened device to go into thermal
runaway.

Voltage stability at several conditions of peak current,
impulse duration, and temperature is summarized in
Figure 15 for the V130LA2 model. These results are typical
of the excellent pulse capability observed in a number of
sizes of devices. No significant difference is noted between
25°C and 85°C testing.

The results of pulse testing on the V130LA10A and the
V130LA20A are shown in Figures 16A and 16B. The results
of these tests on the V130LA series are typical of the
excellent response obtained on other Harris Varistors.

The first pulse test in the series simulates very closely the
conditions required in the transient voltage suppression test
and the duty cycle test of UL1449. The second test is
identical to the first except that it was conducted at 85°C
instead of 25°C. This illustrates the high temperature
capability of the Harris Varistor. The ability to perform under
high energy conditions is indicated by the stability of the
devices when they are subjected to repeated long duration
(10 x 1000!ls) pulses. The ability to perform under high
current conditions is indicated by the stability of the devices
when they are SUbjected to peak current waveforms up to
and above rated conditions.

Data for defining energy withstand capability are presented
in Figure 17 for the low voltage varistor (V68ZA types) and
for the line voltage varistor (V130LA types). These curves
show a statistical estimate of the energy to failure
distribution. The distributions are shown on normal
probability paper where the estimated percentiles of failure
can be obtained. The surge test method uses a quasi-
current source to apply a single surge of 8/20 energy stress
after which the rated continuous voltage is applied, 130VRMS
for line voltage units and 40VRMS for low voltage devices.
The failure mode was a catastrophic punch through of the
ceramic body occurring after the surge stress and during
application of rated voltage. Thus, the immediate cause was
thermal runaway on rated voltage, induced by overheating
from surge energy absorption. A post-test readout of
nonfailed devices showed no significant degradation of V-I
characteristics.

The distribution curves reflect the conservatism of the Harris
Varistor energy ratings. For example, 7mm and 14mm line
voltage devices (V130LA types) are rated at 8J and 30J
respectively. Figure 17 indicates a statistical estimate at
these energy levels of 1% or less of the population failing.
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FIGURE 17B. LINE VOLTAGE VARISTOR (TYPE V130LA)

FIGURE 17. PULSE ENERGY CAPABILITY TO SINGLE PULSE
OF 8120~s

Pulse energy testing also has been performed at 60Hz for
single cycle and ten cycle surges. This test simulates
conditions possible in AC line applications, especially in
crowbar circuits and when used in conjunction with spark
gaps to enhance turnoff. In these tests the pulse energy
application is immediately followed by maximum rated AC
voltage. The results also are presented on a normal
probability graph as distributions of energy vs percent
failure. Figure 18 illustrates low voltage and line voltage
varistor performance.

The Harris Varistor is constructed by encapsulating a solid
piece of ceramic in a rugged plastic body. This rugged
construction, when subjected to the normal military standard
mechanical tests, illustrates a conservative design
philosophy. An example of the mechanical testing performed
and typical results obtained, under Test Matrix III, are shown
in Table 4. No significant differences are noted between
various packaged devices or low voltage and line voltage
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PULSING PULSING
(NOTE)

~ 220

II MAX READING I 210 I:Ii 1 1 I0 200 1 1z
> 190 1MIN READING 180

No. of Alternating Pulses 2 + 24 2 + 24 50 1

Peak Current (A) 500 I 125 500 I 125 5 1200

Pulse Duration (liS) 8 x 20 I 8 x 20 8 x 20 I 8 x 20 10 x 1000 8 x 20

Test Temperature (0C) 25 85 25 85

With 130VRMSApplied Yes Yes No Yes

Catastrophic Failures vs Sample Size 0/3 0/3 0/10 0/10

~ 240 (NOTE)

230 I
1 I:Ii

220 1 I I0 1 %z
210>
200

No. of Alternating Pulses 2 + 24 2 + 24 50 1

Peak Current (A) 3000 I 750 3000 I 750 25 4500

Pulse Duration (liS) 8x20 18x2O 8x20 18x2O 10 x 1000 8 x20

Test Temperature (0C) - 25 85 25 85

With 130VRMSApplied Yes Yes No No

Catastrophic Failures vs Sample Size 0/3 0/3 0/10 0/10

~ 225 (NOTE) ]215 ] ]:Ii
205 ] ] ] ,0 Iz
195 ]>
185

No. of Alternating Pulses 2 + 24 2 + 24 50 1

Peak Current (A) 3000 I 750 3000 I 750 50 6500

Pulse Duration (liS) 8x20 18x2O 8x20 18x2O 10 x 1000 8 x 20

Test Temperature (0C) 25 85 25 85

With 130VRMSApplied Yes Yes No No

Catastrophic Failures vs Sample Size 0/3 0/3 0/10 0/10



types. Also note that the plastic encapsulant complies with
the flammability requirement of Underwriters Laboratories
Standards UL492 and UL1410, superseded by UL1414.
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FIGURE 18A. LOW VOLTAGE VARISTOR (TYPE V68ZA)
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250 A 7mm DISC DIA., PULSE WAVEFORM 60Hz 1 CYCLE

B 7mm DISC DIA., PULSE WAVEFORM 60Hz 10 CYCLE
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FIGURE 18B. LINE VOLTAGE VARISTOR (TYPE V130LA)

FIGURE 18. 60Hz SURGE ENERGY CAPABILITY

The construction of the Harris Varistor ensures stable char-
acteristics over the wide variety of environments in which
electronic equipment is operated, stored, and shipped. Test-
ing of the Harris Varistor confirms the stability of low-voltage
and line-voltage types when subjected to accelerated high-
temperature storage and humidity stresses. The 1000-hour
stability life data at 125°C storage conditions are shown in
Figure 19 for two types of varistors.

An example of the electrical and environmental tests per-
formed and typical results obtained, under Test Matrix II, are
shown in Table 5.

The 1ODD-hourstability life during accelerated humidity test-
ing is shown in Figure 19. Note that the low voltage varistor
type has been subjected to two tests sequentially. The nor-
mal 40°C, 95% R.H., 1000-hour test was followed by the
very severe 85°C, 95% R.H. test. Excellent stability is
observed through this combined testing sequence.

SAMPLE SIZE n = 30
DEVICE TYPE: V68ZA
STORAGE LIFE: TA = 125°C
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FIGURE 19A. LOW VOLTAGE VARISTORS
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SAMPLE SIZE n = 45
DEVICE TYPE: V130LA
STORAGE LIFE: TA = 125°C
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z
> 190

500
HOURS UNDER STRESS

FIGURE 19B. LINE VOLTAGE VARISTORS

FIGURE 19. ACCELERATED STORAGE LIFE

The 1ODD-hourstability life during accelerated humidity testing
is shown in Figure 20. Note that the low voltage varistor type
has been subjected to two tests sequentially. The normal
40°C, 95% R.H., 1000-hour test was followed by the very
severe 85°C, 95% R.H. test. Excellent stability is observed
through this combined testing sequence.

Qualification Procedures
New products are reliably introduced to market by the proper
use of design techniques and strict adherence to process
layout ground rules. Each design is reviewed from its con-
ception through early production to ensure compliance to
minimum failure rate standards.

New process/product qualifications have two major require-
ments imposed. First is a check to verify the proper use of
process methodology, design techniques, and ground rules.
Second is a series of stress tests designed to accelerate fail-
ure mechanisms and demonstrate its reliability.

From the earliest stages of a new product's life, the design
phase, through layout, and in every step of the manufactur-
ing process, reliability is an integral part of every Harris
Semiconductor prodUCt.This kind of attention to detail "from
the ground up" is the reason why our customers can expect
the highest quality for any application.



TEST
(FAILURESISAMPLE)

PACKAGE TYPE

MILITARV RADIAL INDUSTRIAL LOW-PROFILE CONNECTOR
TEST METHOD CONDITION LAlZA DAIDB RADIALRA PINCP

Solderability MIL-STD-750 230°C, 55 dip 95% 0/60 0120 0/60 0/20
Method 2026.2 wetting

Terminal MIL-STD-750 3 bends, 90 deg. 0/30 N/A 0/20 N1A
Strength Method 2036.3 Arc 80z. Weight

Mechanical MIL-STD-750 1500g's,0.5ms 0/60 0/10 0/40 0/42
Shock Method 2016.2 5 Pulses, XI, VI, Zl

Vibration MIL-STD-750 20g's, 100Hz- 0/50 0/10 0/50 0/40
Method 2056 2000Hz Xl, VI, ZI

Flammability MIL-STD-202 155 Torching 105 to 0/80 0/50 0/60 N/A
Method lllA Flameout

Constant MIL-STD-750 V2, 20,000g's Min. 0/60 NlA 0/60 0/40
Acceleration Method 2006

TEST
(FAILURESISAMPLE)

PACKAGE TVPE

MILITARV RADIAL INDUSTRIAL LOW-PROFILE CONNECTOR
TEST METHOD CONDITION LAIZA DAIDB RADIALRA PINCP

Operating Life N/A 125°C, 1000 hrs. 0/200 0/50 0/150 0/100
Bias Voltage

High-Temperature MIL-STD-750 150°C, 1000 hrs. 0/300 0/50 0/120 01100
Storage Method 1032

Thermal Shock MIL-STD-750 -55°C to +125OC 01200 0/40 0/140 0/42
Method 1051 5 Cycles

Humidity N/A 85°C; 85% R.H. 0/150 0/50 0/100 0/80

SAMPLE SIZE n = 30
DEVICE TYPE: V68ZA, ,

HUMIDITY LIFE: HUMIDITY LIFE:
40°C, 95% RH FOR 10ooHRS. 85°C, 95% RH FOR 10ooHRS.

90TH

50TH ..
10TH

PERCENTILES -
,,,

PERCENTILES

90TH

50TH

10TH

SAMPLE SIZE n = 55
DEVICE TYPE: V130LA
HUMIDITY LIFE: 40°C, 95% R.H.

I I

~ 200

';190

500

HOURS UNDER STRESS

FIGURE 20A. LOW VOLTAGE VARISTORS AGURE 20B. LINE VOLTAGE VARISTORS

FIGURE 20. ACCELERATED HUMIDITY LIFE



For space applications, an extremely important property of a
protection device is its response to imposed radiation
effects.

Electron Irradiation

A Harris MoV and a silicon transient suppression diode
were exposed to electron irradiation. The V-I Curves, before
and after test, are shown in Figure 21.

I
HARRIS
MOV
SILICON -

V~ "' .. TRANSIENT.. SUPPRESSION~.. DIODE

I

I--- PRE TEST
10· RADS,

••• 18Mev ELECTRONS

v

roo
100
80
60

10-r; lOT'
CURRENT (A)

FIGURE 21. RADIATION SENSITIVITY OF HARRIS V130LA1
AND SILICON TRANSIENT SUPPRESSION DIODE

It is apparent that the Harris MoV was virtually unaffected,
even at the extremely high dose of 108 rads, while the silicon
transient suppression diode showed a dramatic increase in
leakage current.

Neutron Effects

A second MoV-Zener comparison was made in response to
neutron fluence. The selected devices were equal in area.

Figure 22 shows the clamping voltage response of the MoV
and the zener to neutron irradiation to as high as 1015 N/cm2.

It is apparent that in contrast to the large change in the zener,
the MoV is unaltered. At higher currents where the MoV's
clamping voltage is again unchanged, the zener device
clamping voltage increases by as much as 36%.

(A)

FIGURE 22. V-l CHARACTERISTIC RESPONSE TO NEUTRON IR-
RADIATION FOR MOV AND ZENER DIODE DEVICES

Counterclockwise rotation of the V-I characteristics is
observed in silicon devices at high neutron irradiation levels;
in other words, increasing leakage at low current levels and
increasing clamping voltage at higher current levels.

The solid and open circles for a given fluence represent the
high and low breakdown currents for the sample of devices
tested. Note that there is a marked decrease in current (or
energy) handling capability with increased neutron fluence.

Failure threshold of silicon semiconductor junctions is further
reduced when high or rapidly increasing currents are
applied. Junctions develop hot spots, which enlarge until a
short occurs if current is not limited or quickly removed.

The characteristic voltage current relationship of a PN-Junc-
tion is shown in Figure 23.

SATURATION I
CURRENT I

FORWARD
BIASBREAKDOWN

VOLTAGE- -,
I

REDUCTION IN
FAILURE STRESSHOLD
BY RADIAL

FIGURE 23. V-I CHARACTERISTIC OF PN-JUNCTION

At low reverse voltage, the device will conduct very little cur-
rent (the saturation current). At higher reverse voltage Vea
(breakdown voltage), the current increases rapidly as the
electrons are either pulled by the electric field (Zener effect)
or knocked out by other electrons (avalanching). A further
increase in voltage causes the device to exhibit a negative
resistance characteristic leading to secondary breakdown.

This manifests itself through the formation of hotspots, and
irreversible damage occurs. This failure threshold decreases
under neutron irradiation for zeners, but not for Zinc Oxide
Varistors.

Gamma Radiation

Radiation damage studies were performed on type V130LA2
varistors. Emission spectra and V-I characteristics were col-
lected before and after irradiation with 106 rads C060 gamma
radiation.

Both show no change, within experimental error, after
irradiation.

The Harris Varistor may be used in systems where person-
nel safety or equipment hazard is involved. All components,
including this semiconductor device, have the potential of
failing or degrading in ways which could impair the proper
operation of such systems. Well-known circuit techniques

0>
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self-checking. Fault analysis of any systems where safety is
in question is recommended. Potential device reaction to
various environmental factors has been discussed through-
out this section. These and any other environmental factors
should be analyzed in all circuit designs.

Should the varistor be subjected to surge currents and
energy levels substantially above its maximum ratings, it
may physically fail by package rupture or expulsion of mate-
rial. It is recommended that protective fusing be used as
described in Section 6. If not fused, the varistor should be
located away from other components or be physically
shielded from them.

Harris Varistors have received listing under applicable
Underwriters Laboratories standards UL-1449 (file E75961),
UL-497B (file E135010), and UL-1414 (file E56529).

tacted for a customized reliability program.

It is stressed that most Harris Varistor parameter and reliabil-
ity testing requires the use of voltages of a magnitude that is
hazardous. When Harris Varistor testing is contemplated,
provisions must be made to insure personnel safety.

[1] Erwin A. Herr, Alfred Poe and Albert Fox, "Reliability
Evaluation and Prediction for Discrete Semiconduc-
tors," EEE Transactions on Reliability, Volume R-29
No.3, August, 1980, GE Pub. No. 300.1.

[2] A.V. Fiegenbaum, Total Quality Control, New York;
McGraw Hill, Third Edition, 1983.
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Designing With Varistors

Selecting the Varistor
The varistor must operate under steady-state and transient VM(AC) - These models can be operated continuously with
conditions. Device ratings allow a selection of the proper up to 130VRMS at 50Hz - 60Hz applied. They would be suit-

size device to insure reliable operation. The selection pro- able for 117VAC nominal line operation and would allow for a
cess requires a knowledge of the electrical environment. 110% high line condition.
When the environment is not fully defined, some approxima-

VM(DC) - Operation is allowable with up to 175VDC constant
tions can be made. voltage applied continuously.
For most applications, selection is a five-step process: VN(DC) - Min. Indicates the minimum varistor terminal volt-

1. Determine the necessary steady-state voltage rating age that will be measured with 1mADC applied. This is a

(working voltage) characteristic of the device and is a useful parameter for

2. Establish the transient energy absorbed by the varistor design or for incoming inspection.

3. Calculate the peak transient current through the varistor VN(DC) - Max. Indicates the maximum limit of varistor termi-

4. Determine power dissipation requirements
nal voltage measured at 1mADC'

5. Select a model to provide the required voltage-clamping The format for the model number designation is shown

characteristic
below. Note, the model series are grouped in two forms. One
group is based on the AC voltage rating for applications pri-

Refer also to Section 4 "How to Select a Harris Varistor," and marily across the power line. The second group is based on
"How to Connect a Harris Varistor." the VN(DC) characteristic voltage.

Steady-State Voltage Rating BAlBB, C-III, CA, CP, CS, DA, DB, HA, LA, NA, PA SERIES

Consider the maximum steady-state voltage applied to the I V 1130 I LA I 20 I Avaristor including any high line conditions (i.e., 110% or more
of nominal voltage). Ratings are given for sinusoidal AC and L Selection - Clamping
constant DC. If a nonsinusoidal waveform is applied, the
recurrent peak voltage should be limited to .J2x VM(AC)'

Voltage (A or B)

Specifications for the LA Series varistor are shown in Table 1
- Relative Energy Indicator

for 130V AC rated devices to illustrate the use of the ratings '-- Product Series
and characteristics table. Max RMS Applied Voltage (Working Voltage)

Model Number -Indicates an AC voltage rating of 130VRMS MOV Varistor
for LA Series

FIGURE 1A.

TABLE 1. RATINGS AND SPECIFICATIONS EXAMPLE

MAXIMUM RATINGS (85°C) SPECIFICATIONS (25°C)

CONTINUOUS TRANSIENT MAX CLAMP-
ING VOLTAGE

PEAK VARISTOR Vc ATTEST TYPICAL
ENERGY CURRENT VOLTAGE AT 1mAoc CURRENT CAPAC 1-

MODEL VRMS Voc (1011000~s) (8120~s) TEST CURRENT (8120~s) TANCE
SIZE
DISC DEVICE VM(AC) VM(OC) WTM !,oM MIN VN(OC) MAX Vc Ip f=0.1-1MHz

MODEL DIA. MARK-
NUMBER (mm) ING (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

V130LAl 7 1301 130 175 11 1200 184 200 255 390 10 180

V13OLA2 7 1302 130 175 11 1200 184 200 228 340 10 180

V13OLA5 10 1305 130 175 20 2500 184 200 228 340 25 450

V13OLA10A 14 130Ll0 130 175 38 4500 184 200 228 340 50 1000

V13OLA20A 20 13OL20 130 175 70 6500 184 200 228 340 100 1900

V13OLA20B 20 13OL20B 130 175 70 6500 184 200 220 325 100 1900

:I:t::(/)
i1=a:,,~
~(/)z-"a:u;~wc



Selection- Clamping
Voltage(A or B)

RelativeEnergyIndicator

ProductSeries
VN(DC)NominalVaristorVoltage

MOVVaristor

FIGURE lB.

FIGURE 1. MODEL NUMBER NOMENCLATURE

Energy

Transient energy ratings are given in the WTM column of
the specifications in joules (watt-second). The rating is
the maximum allowable energy for a single impulse of
101100011S current waveform with continuous voltage
applied. Energy ratings are based on a shift of VN of less
than ±10% of initial value.

When the transient is generated from the discharge of an
inductance (i.e., motor, transformer) or a capacitor, the
source energy can be calculated readily but, in most cases
the transient is from a source external to the equipment and
is of unknown magnitude. For this situation an approxima-
tion technique can be used to estimate the energy of the
transient absorbed by the varistor. The method requires find-
ing the transient current and voltage applied to the varistor.
To determine the energy absorbed the following equation
applies:

E = J;VC(t)I(t)6t = KVclt

where I is the peak current applied, Vc is the clamp voltage
which results, t is the impulse duration and K is a constant.
K values are given in Figure 2 for a variety of waveshapes
frequently encountered. The K value and pulse width corre-
spond to the current waveform only, assuming the varistor
voltage waveform is almost constant during the current
impulse. For complex waveforms, this approach also can be
used by dividing the shape into segments that can be
treated separately.

Kt
0.637

Consider the condition where the exponential waveform
shown below is applied to a V130LA 1 Harris Varistor.



The waveform is divided into two parts that are treated sepa-
rately using the factors of Figure 2: current waveform Sec-
tion (1) 0 to 5~s and (2) 5~s to 50~s. The maximum voltage
across the V130LAl at 100A is found to be 500V from the
V-I characteristics of the specification sheet.

Section (1) E = KVclt = (O.S) (500) (100) (S) (10'6) = 0.13J

Section (2) E = KVclt = (1.4) (500) (100) (SO-S)10.6)= 3.1SJ
3.28J Total

Peak Current

The peak current rating can be checked against the transient
current measured in the circuit. If the transient is generated
by an inductor, the peak current will not be more than the
inductor current at the time of switching. Another method for
finding the transient current is to use a graphical analysis.
When the transient voltage and source impedance is known,
a Thevenin equivalent circuit can be modeled. Then, a load
line can be drawn on the log - log, V-I characteristic as
shown in Figure 4. The two curves intersect at the peak cur-
rent value.

.vocfZs
LOG VARISTOR CURRENT (A)

FIGURE 48. GRAPHICs/ANALYSIS TO DETERMINE PEAK I

FIGURE 4. DETERMINING VARISTOR PEAK CURRENT FROM
A VOLTAGE SOURCE TRANSIENT

The rated single pulse current, ITM, is the maximum
allowable for a single pulse of 8/20~s exponential waveform
(illustrated in Section 3, Figure 21). For longer duration
pulses, ITM should be derated to the curves in the varistor
specifications. Figure 5 shows the derating curves for 7mm
size, LA series devices. This curve also provides a guide for
derating current as required with repetitive pulsing. The
designer must consider the total number of transient pulses
expected during the life of the equipment and select the
appropriate curve.

Where the current waveshape is different from the exponen-
tial waveform of Figure 21 of Section 3, the curves of
Figure 5 can be used by converting the pulse duration on the
basis of equivalent energy. This is easily done using the con-
stants given in Figure 2. For example, suppose the actual
current measured has a triangular waveform with a peak
current of lOA, a peak voltage of 340V and an impulse dura-
tion of 500~s.
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Then:

E = (.S)(l 0)(340)(500)(1 0-6)
= 8S0mJ

The equivalent exponential waveform of equal energy is
then found from:
ETRIANGULAR = EEXP

8S0mJ = 1.4 VCltEXP

The exponential waveform is taken to have equal Vc and I
values. Then,
t _ 8S0mJ

EXP - 1.4 (340) (10)
= 1791-15

Where: K* and t* are the values for the triangular waveform
and tEXP is the impulse duration for the equivalent exponen-
tial waveform.

The pulse rise portion of the waveform can be ignored when
the impulse duration is five times or more longer. The maxi-
mum number of pulses for the above example would exceed
104 from the pulse derating curves shown in Figure 5.

Power Dissipation Requirements

Transients generate heat in a suppressor too quickly to be
transferred during the pulse interval. Power dissipation
capability is of concern for a suppressor if transients will be
occurring in rapid succession. Under this condition, the
power dissipation required is simply the energy (watt-sec-
onds) per pulse times the number of pulses per second. The



power so developed must be within the specifications shown
on the ratings tables. It is to be noted that varistors can only
dissipate a relatively small amount of average power and
are, therefore, not suitable for repetitive applications that
involve substantial amounts of average power dissipation
(likewise, varistors are not suitable as voltage regulation
devices). Furthermore, the operating values need to be der-
ated at temperatures above the absolute maximum limits as
shown in Figure 6.
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Voltage Clamping Selection

Transient V-I characteristics are provided in the specifications
for all models of varistors. Shown below in Figure 7 are curves
for 130VACrated models of the LA series. These curves indi-
cate the peak terminal voltage measured with an applied
8120~simpulse current. For example, if the peak impulse cur-
rent applied to a V130LA2 is lOA, that model will limit the tran-
sient voltage to no higher than 340V.

1000

8000
MAXIMUM CLAMPING VOLTAGE
COMPARED BY MODEL SIZE
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If the transient current is unknown, the graphical method of
Figure 4 can be utilized. From a knowledge of the transient
voltage and source impedance a load line is plotted on the
V-I characteristic. The intersection of the load line with the
varistor model curve gives the varistor transient current and
the value of clamped peak transient voltage.

The ability of the varistor to limit the transient voltage is
sometimes expressed in terms of a clamp ratio. For exam-
ple, consider a varistor applied to protect the power termi-
nals of electrical equipment. If high line conditions will allow
a rise to 130VAC' then 184V peak would be applied. The
device selected would require a voltage rating of
130VACRMSor higher. Assume selection of a V130LA2
model varistor. The V130LA2 will limit transient voltages to
340V at currents of lOA. The clamp ratio is calculated to be,

Clamp Ratio = Vc at lOA
Peak Voltage Applied

340V
184V = 1.85

The clamp ratio can be found for other currents, of course,
by reference to the V-I characteristic. In general, clamping
ability will be better as the varistor physical size and energy
level increases. This is illustrated in Figure 8 which com-
pares the clamping performance of the different Harris Varis-
tor families. It can be seen that the lowest clamping voltages
are obtained from the 20mm (LA series) and 60mm (BA
series) products. In addition, many varistor models are avail-
able with two clamping selections, designated by an A, B, or
C at the end of the model number. The A selection is the
standard model, with Band C selections providing progres-
sively tighter clamping voltage. For example, the V130LA20A
voltage clamping limit is 340V at100A, while the V130LA20B
clamps at not more than 325V.

Summary

The five major considerations for varistor selection have
been described. The final choice of model is a balance of
these factors with device packaging and cost trade-offs. In
some applications a priority requirement such as clamp volt-
age or energy capability may be so important as to force the
selection to a particular model. A summary of varistor prop-
erties is provided in Figure 9 for a quick comparison of oper-
ating ranges.

Varistors are inherently rugged and are conservatively rated.
Therefore, they exhibit a low failure rate. Nevertheless, the
careful designer may wish to plan for potential failure modes
and the resultant effects on circuitry being protected.

Failure Modes

Varistors initially fail in a short-circuit mode when subjected
to surges beyond their peak current/energy ratings. They
also short-circuit when operated at steady-state voltages
well beyond their voltage ratings. This latter mode of stress
may result in the eventual open-circuiting of the device due
to melting of the lead solder joint.
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When the device fails in the shorted mode the current
through the varistor becomes limited mainly by the source
impedance. Consequently, a large amount of energy can be
introduced, causing mechanical rupture of the package
accompanied by expulsion of package material in both solid
and gaseous forms. Steps may be taken to minimize this
potential hazard by the following techniques: 1) fusing the
varistor to limit high fault currents, and, 2) protecting the sur-
rounding circuitry by physical shielding, or by locating the
varistor away from other components.

Fusing the Varistor

Varistor fusing should be coordinated to select a fuse that
limits current below the level where varistor package dam-
age could occur. The location of the fuse may be in the distri-
bution line to the circuit or it may be in series with the varistor
as shown in Figure 10. Generally, fuse rather than breaker
protection is preferred. Breaker tripping may be too slow to
prevent excessive fault energy in some applications.

I
I
I, ,

,PROTECTED'
, CIRCUIT ,, ,, ,, ,,
~-----~

In high power industrial circuits the line currents are gener-
ally so high as to rule out the use of a line fuse for varistor
protection. The fuse may not clear under a varistor fault con-
dition and would allow varistor failure. In low power (5-20A)
applications it may be feasible to use the line fuse, FL, only.

Use of a line fuse, FL, rather than Fv, does not present the
problem of having the fuse arc voltage being applied across
the circuit. Conversely, with Fv alone, the fuse arc voltage
adds to the varistor VOltage, increasing the Vc, the transient
clamp voltage. Since some fuses can have peak arc volt-
ages in excess of twice peak working voltage, fuse clearing
can have a significant effect on protection levels.

Another factor in the choice of location is the consequence
of system interruption. Fuse location FL will cause a shut-
down of the circuit while location Fv will not. While the circuit
can continue to operate when Fv clears, protection no longer
is present. For this reason it is desirable to be able to moni-
tor the condition of Fv.

Fusing Example (Light Industrial Application)

A process control minicomputer is to be protected from tran-
sients on a 115V nominal line. The minicomputer draws 7.5A
from the line, which is guaranteed to be regulated to ±10% of
nominal line voltage. A V130LA20A varistor is chosen on the
basis that the worst-case surge current would be a 10/100011S
pulse of 100A peak amplitude. The rationale for this surge
requirement is that the incoming plant distribution system is
protected with lightning arrestors having a maximum arrestor

voltage of 5kV. Assuming a typical 50n characteristic line
impedance, the worst-case transient current through the
varistor is 100A. The 1ms impulse duration is taken as a
worst-case composite wave estimate. While lightning stroke
discharges are typically less than 10011S,they can recur in
rapid fire order during a 1s duration. From the pulse rating
curves of the LA series size 20mm models, it is seen that the
V130LA20 single pulse withstand capability at 1ms impulse
duration is slightly in excess of 100A.

This is adequate for application in areas where lightning
activity is medium to light. For heavy lightning activity areas,
either a DA or DB series varistor might be desirable to allow
a capability of withstanding over 70 transients. In making the
choice between the LA series and higher energy series, the
designer must decide on the likelihood of a worst-case
lightning stroke and resultant fuse replacement should the
varistor fail.

Assuming a low lightning activity area, the V130LA20A
series is a reasonable choice. To coordinate the fuse with
the varistor, the single pulse surge rating curve is redrawn as
12tvs impulse duration as shown in Figure 11. The 12tof the
composite 10/100011Simpulse is found from:(1]

2 1~ ~
I t= 31 (10flS) +0.722 I (t (0.5) -10flS)

When:
t (0.5) "200flS (time for impulsecurrentto decayby 0.5)
2 _2
I t = 0.722 I t (0.5)

Where: the first term represents the impulse 12t contributed
by the lOllS rise portion of the waveform and the second
term is the 12tcontributed by the exponential decay portion.

Figure 11 shows a cross-hatched area which represents the
locus of possible failure of the varistor. This area is equal to
an 12value of from two to four times that derived from the
data sheet peak current pulse life curves. The curve extend-
ing beyond the cross-hatched area and parallel to it is where
package rupture will take place.

The criteria for fuse selection is given below.

A) Fuse melts; i.e., opens, only if worst-case transient is
exceeded and/or varistor fails.

B) If varistor fails, fuse clearing limits 12tapplied to varis-
tor values below that required for package rupture.

C) Fuse is rated at 130VRMS'

D) Fuse provides current limiting for solid-state devices.

Based on the above, a Carbone-Ferraz 12ARMS' 130VRMS'
Class FA fuse is tentatively selected. The minimum melting
12tand maximum clearing 12tcurves for the 12A fuse are
shown superimposed on the varistor characteristics.

This fuse is guaranteed to melt at an 12tof 40% above the
estimated worst-case transient. Upon melting, clearing 12t
and clearing time will depend upon available fault current
from the 130VRMSline. Table 2 lists clearing times for the
selected fuse versus available prospective circuit current.
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As Figure 11 shows, a clearing time of less than 1.5ms is
desirable. For fault currents in excess of 1.2kA, the fuse will
clear at less than 24A2s and 1.3ms. This will prevent varistor
package rupturing. However, the distribution line may be
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'soft," i.e., have a high source impedance at the 60Hz power
frequency that limits the fault current to values below 1.2kA.
Then, it is possible that the fuse would not protect the varis-
tor package from rupturing, though it would serve to isolate
the varistor in any case.

Upon further examination of this example, it is clear that
the varistor will be protected from package rupturing even if
the transient pulse current is 50% greater than that of
the assumed value, resulting in an 12t of 16A2S (Point 2 on
Figure 11).

Placement of the fuse for this example application could be
in the line or in series with the varistor. If in series with the
varistor, the line fuse should be a medium to slow speed,
such as a "slow blow" type 15A fuse. That would assure a
fault in the varistor would be isolated by the varistor fuse
without interrupting the line fuse.

MAX. CLEARING ,2,
12A FUSE
MIN. MELTING 12,

PACKAGE RUPTURE

POSSIBLE PACKAGE RUPTURE

DEVICE FAILURE

POSSIBLE DEVICE
FAILURE (SHORT CIRCUIT)

SINGLE PULSE LIFETIME RATING,
10ms 12,(VI30LA20)
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It is desirable to indicate the status of the varistor fuse if one
is used in addition to the line fuse. The circuit shown in Fig-
ure 12 senses the presence of voltage across the varistor by
use of a photocoupler. When the fuse interrupts the varistor
circuit, the LED of the coupler becomes de-energized, and
the coupler output signal can be used to annunciate an
unprotected condition. Some fuse manufacturers provide
indicating means upon fuse operation that may also be used
to trip an alarm.

1
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130V TO STATUS
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AC ANNUNCIATOR
...
m

j
LIGHT/ALARM 0

0
5i
0c:
=<

In selecting a fuse, the reader is advised to avoid data based
on average values or data taken at operating conditions that
are grossly different from the actual application. For exam-
ple, DC data does not apply when the fuse will be used on
an AC circuit. Also, test data taken in a resistive circuit with
unity power factor does not hold for low power factor opera-
tion.

In most cases the designer can select a varistor that meets
the desired voltage ratings from standard catalog models.
Occasionally the standard catalog models do not fit the
requirements either due to voltage ratings or energy/current
ratings. When this happens, two options are available: varis-
tors can be arranged in series or parallel to make up the
desired ratings, or the factory can be asked to produce a
"special" to meet the unique application requirement.

Series Operation of Varistors

Varistors are applied in series for one of two reasons: to pro-
vide voltage ratings in excess of those available, or to provide a
voltage rating between the standard model voltages. As a side
benefit, higher energy ratings can be achieved with series con-
nected varistors over an equivalent single device. For instance,
assume the application calls for a lead mounted varistor with an
VRMS rating of 375VAC and having a ITM peak current capability
of 6000A. The ITM requirement fixes the varistor size. Examin-
ing the LA series voltage ratings near 375VAC' only 320V and
420V units are available. The 320V is too low and the 420V unit
(V420LA40B) results in too high a clamp voltage (Vc of 1060V
at l00A). For a V130LA20B and a V250LA40B in series, the
maximum rated voltage is now the sum of the voltages, or
380V. The clamping vo~age, Vc' is now the sum of the individ-
ual varistor clamping voltages, or 945V at l00A. The peak cur-
rent capability is still 6500A but the energy rating is now the
sum of the individual energy ratings, or 20OJ.

In summary, varistors can be connected in series providing
they have identical peak current ratings (ITM), i.e., same disc
diameter. The composite V-I characteristic, energy rating,
and maximum clamp voltages are all determined by sum-
ming the respective characteristics and/or ratings of the indi-
vidual varistors.

Parallel Operation of Varistors

Application requirements may necessitate higher peak cur-
rents and energy dissipation than the high energy series of
varistors can supply individually. When this occurs, the logi-
cal alternative is to examine the possibility of paralleling
varistors. Fortunately, all Harris Varistors have a property at
high current levels that makes paralleling feasible. This
property is the varistor's series-resistance that is prominent
during the "up-turn region" of the V-I characteristic. This up-
turn is due to the inherent linear resistance component of the
varistor characteristic (see Section 3). It acts as a series bal-
ancing, or ballasting, impedance to force a degree of sharing
that is not possible at lower current levels. This is depicted in
Figure 13. At a clamp voltage of 600V, the difference in cur-
rent between a maximum specified sample unit and a hypo-
thetical 20% lower bound sample would be more than 20 to
1. ThUS,there is almost no current sharing and only a single
varistor carries the current. Of course, at low current levels
in the range of lOA -100A, this may well be acceptable.
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FIGURE 13. PARALLEL OPERATION OF VARISTORS BY
GRAPHICAL TECHNIQUE

At high current levels exceeding 1000A, the up-turn region is
reached and current sharing improves markedly. For
instance, at a clamp voltage of 900V, the respective varistor
currents (Figure 13) are 2500A and 6000A, respectively.
While far from ideal sharing, this illustration shows the feasi-
bility of paralleling to achieve higher currents and energy
than achievable with a single model varistor.

Practically, varistors must be matched by means of high cur-
rent pulse tests to make parallel operation feasible. Pulse
testing should be in the range of over 1kA, using an 8/20!ls,
or similar pulse. Peak voltages must he read and recorded.
High current characteristics could then be extrapolated in
the range of 100A - 10,OOOA.This is done by using the mea-
sured data points to plot curves parallel to the data sheet
curves. With this technique current sharing can be consider-
able improved from the near worst-case conditions of the
hypothetical example given in Figure 13.



In summary, varistors can be paralleled, but good current
sharing is only possible if the devices are matched over the
total range of the voltage-current characteristic. In applica-
tions requiring paralleling, Harris should be consulted.

Some guidelines for series and parallel operation of varistors
are given in Table 3.

Applications
Power Supply Protection Against Line Transient Damage

PROBLEM

It is desired to prevent failure of the power supply shown
in Figure 148 to be used on residential 117VAC lines. A
representative transient generator is to be used for test-
ing, as shown in Figure 14A.

If the transient is applied to the existing circuit, the rectifier
will receive high negative voltages, transmitted through the
filter capacitor. The LC network is there to prevent RFI from
being transmitted into the power line (as in a TV set), but
also serves to reduce the transient voltage. An analysis
shows that the transient will be reduced approximately by
half, resulting in about 2.5kV instead of 5kV at the rectifier.

vT=

± SkV sin 105" I X

e-1O-S,

This is still too high for any practical rectifier, so some sup-
pression must be added. It is desirable to use the built-in
impedance of the coil to drop the remaining voltage, so
the suppressor would best be applied as shown. A selec-
tion process for a Harris Varistor is as follows:

SOLUTION

Steady-State Voltage

The 117V AC' 110% high line condition is 129V. The closest
voltage rating available is 130V.

Energy and Current

The 100~H inductor will appear to be about 30n to the
transient. The 30n is derived from the inductive reactance
at the transient generator source frequency of 105" rad.
Taking a first estimate of peak varistor current, 2500V/80n
= 31 A. (This first estimate is high, since it assumes varistor
clamping voltage is zero.) With a tentative selection of a
130V Harris Varistor, we find that a current of 31A yields a
voltage of from 325V to 380V, depending on the model size,
as shown in Figure 15A and Figure 156.

SERIES PARALLEL

Objective Higher Voltage Capability Higher Current Capability
Higher Energy Capability Higher Energy Capability
Non-Standard Voltage Capability

Selection Required No Yes

Models Applicable All, must have same ITM rating. All models

Application Range All voltages and currenls. All voltages - only high currents, i.e., >1OOA.

Precautions ITM ratings must be equal. Must be identical voltage rated models.
Must test and select units for similar V-I characteristics.

Effect on Ratings Clamp voltages additive. Current ratings function of current sharing as determined graphically.
Voltage ratings additive. Energy ralings as above in proportion to current sharing.
Current ratings thaI of single device. Clamp voltages determined by composite V-I characteristic of
Energy WTM• ratings additive. matched units.

Voltage ratings that of single unit.
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FIGURE 158.

FIGURE 15. V130LA VARISTOR V-I CHARACTERISTICS

Revising the estimate, I ~ (2500V - 325V)/80n = 27.2A. For
model V130LA20A, 27.2A coincides closely with a 320V
clamping level. There is no need to further refine the estimate
of peak current if model 20A remains the final selection.

To arrive at an energy figure, assume a sawtooth current
waveform of 27 A peak, dropping to zero in two time con-
stants, or 20~s.

Energy is then roughly equal to (27 A x 320V x 20~s)/2, the
area under the power waveform. The result is O.086J, well
within the capability of the varistor (70J). Peak current is
also within the 6500A rating.
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FIGURE 168.

FIGURE 16. ENERGY APPROXIMATION

The actual varistor selection is a trade-off between the
clamping voltage desired and the number of transient cur-
rent pulses expected in the life of the equipment. A 70J
rated varistor will clamp at 315V and be capable of han-
dling over 106 such pulses. An 11J unit will clamp to
approximately 385V and be capable of handling over 105

such pulses. Furthermore, the clamping voltage deter-
mines the cost of the rectifier by determining the voltage
rating required. A smaller, lower cost varistor may result in
a more expensive higher voltage rectifier diode.

SCR Motor Control

The circuit shown in Figure 17 experiences failures of the
rectifiers and SeR when the transformer primary is
switched off. The manufacturer has tried 600V compo-
nents with little improvement.



Add a varistor to the transformer secondary to clamp the
transformer inductive transient voltage spike. Select the
lowest voltage Harris Varistor that is equal to or greater
than the maximum high line secondary AC voltage. The
V130LA types fulfills this requirement.

Determine the peak suppressed transient voltage pro-
duced by the transient energy source. This is based on
the peak transient current to the suppressor, assuming the
worst-case condition of zero load current. Zero load cur-
rent is normally a valid assumption. Since the dynamic
transient impedance of the Harris Varistor is generally
quite low, the parallel higher impedance load path can be
neglected.

Since transient current is the result of stored energy in the
core of the transformer, the transformer equivalent circuit
shown in Figure 18 will be helpful for analysis. The stored
inductive energy is:

r IN~~J~:~CE II
VPRr'MARY REPRESENTED LM

BY IRON CORE

The designer needs to know the total energy stored and
the peak current transformed in the secondary circuit due
to the mutual inductance, LM. At no load, the magnetizing
current, (INd, is essentially reactive and is equal to 1M,
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This assumes that the primary copper resistance, leakage
reactance and equivalent core resistive loss components
are small compared to LM. This is a valid assumption for
all but the smallest control transformers. Since INL is
assumed purely reactive, then:

V .X =...E..!:.!
LM I

NL

and
iM= INL

INL can be determined from nameplate data. Where
nameplate is not available, Figure 19 and Figure 20 can
guide the designer.

Assuming a 3.5% value of magnetizing current from Fig-
ure 20 for a 20kVA transformer with 480VAC primary, and
120VAC secondary:

. 20kVA
'M= (0.035) 480V

= 1.46A

1M= J2iM
X

LM
= 480V/1.46A

= 32911

LM= XLM/w

= 0.872H

_ 0.872( 2.06
2

)
ELM- 2

= 1.85J

With this information one can select the needed semicon-
ductor voltage ratings and required varistor energy rating.

Peak varistor current is equal to transformed secondary
magnetizing current, i.e., iM(N), or 8.24A. From Figure 15,
the peak suppressed transient voltage is 310V with the
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V130LA10A selection. 295V with the V130LA20B. This
allows the use of 300V rated semiconductors. Safety mar-
gins exist in the above approach as a result of the following
assumptions:

1. All of the energy available in the mutual inductance is
transferred to the varistor. Because of core hysteresis
and secondary winding capacitance. only a fraction less
than two-thirds is available.

2. The exciting current is not purely reactive. There is a
10% to 20% safety margin in the peak current assump-
tion.

After determiningvoltage and peak current. energy and power
dissipation requirements must be checked. For the given
example. the single pulse energy is well below the
V130LA20B varistor rating of 70J at 85°C maximum ambient
temperature. Average power dissipation requirements over
idling power are not needed because of the non-repetitive
nature of the expected transient. Should the transient be repet-
~ive.then the average power is calculated from the product of
the repet~ionrate times the energy of the transient. If this value
exceedsthe V130LA20B capabil~ of 1.0W,power varistors of
the HA, DA, or DB Series may be required.

Should the ambient temperature exceed 85°C or the
surface temperature exceed 85°C, the single pulse energy
ratings and the average power ratings must be derated by
the appropriate derating factors supplied on the data
sheet.

Contact Arcing Due to Inductive Load

PROBLEM

To extend the life of the relay contacts shown in Figure 21
and reduce radiated noise, it is desired to eliminate the
contact arcing.

Cc = STRAY CAPACITANCE
L = RELAY COIL INDUCTANCE
Rc = RELAY COIL RESISTANCE

When relays or mechanical switches are used to control
inductive loads, it is necessary to use the contacts at only
about 50% of their resistive load current rating to reduce
the wear caused by arcing of the contacts. The energy in
the arcing is proportional to the inductance and to the
square of the current.

Each time the current in the inductive load is interrupted
by the mechanical contacts, the voltage across the
contacts builds up as -L di/dt. When the contacts arc, the
voltage across the arc decreases and the current in the
coil can increase somewhat. The extinguishing of the arc
causes an additional voltage transient which can again
cause the contacts to arc. It is not unusual for the
restriking to occur several times with the total energy in
the arc several times that which was originally stored in
the inductive load. It is this repetitive arcing that is so
destructive to the contacts.

In the example, Rc is 30n and the relay contacts are con-
ducting nearly 1A. The contacts will draw an arc upon
opening with more than approximately OAA or 12V. The
arc continues until current falls below OAA.

To prevent initiation of the arc. it is necessary to reduce the
current and voltage of the contacts below the arc threshold
levels at the time of opening. and then keep them below
breakdown threshold of the contacts as they open. Two
obvious techniques come to mind to accomplish this: 1} use
of a large capacitor across the contacts, and 2} a voltage
clamp (such as a varistor). The clamp technique can be
effective only when the minimum arc voltage exceeds the
supply voltage.

In this example a clamping device operating above the sup-
ply voltage will not prevent arcing. This is shown in
Figure 22.
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FIGURE 22. VOLTAGE CLAMP USED AS ARC SUPPRESSOR

The capacitor technique requires the capacitance to be
sufficiently large to conduct the inductor current with a
voltage rate-of-rise tracking the breakdown voltage rate-
of-rise of the contacts as they mechanically move apart.
This is shown in Figure 23(A).

The limitations in using the capac~or approach are size and
cost. This is particularly true for those cases involving large
amounts of inductive stored energy. Furthermore,the use of a
large capac~or alone creates large discharge currents upon
contact reclosure dUring contact bouncing. As a result, the
contact material may melt at the point of contact w~h subse-
quent welding. To avoid this inrush current, it is customary to



add a series resistor to limit the capacitive discharge current.
However, this additional component reduces the network
effectiveness and adds additional cost to the solution.

A third technique, while not as obvious as the previous two,
is to use a combination approach. This technique shown in
Figure 23B parallels a voltage clamp component with an R-C
network. This allows the R-C network to prevent the low volt-
age initial arcing and the clamp to prevent the arcing that
would occur later in time as the capacitor voltage builds up.
This approach is often more cost effective and reliable then
using a large capacitor.
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FIGURE 238. R-C AND CLAMP ARC SUPPRESSION

FIGURE 23. RELAY ARC VOLTAGE SUPPRESSION TECH-
NIQUES

Also, with AC power relays the impedance of a single large
R-C suppressor might be so low that it would allow too much
current to flow when the contacts are open. The combination
technique of a small R-C network in conjunction with a varistor
is of advantage here, too.

In this example a O.22>tF capacitor and 10Q resistor will sup-
press arcing completely, but by reducing the capacitance to
0.047>tF, arcing will start at 70V.

Thus, to use a varistor as a clamp in conjunction with the R-C
network, it must suppress the voitage to below 70V at 1A and
be capable of operating at a steady-state maximum DC volt-
age of 28V + 10%, or 30.8V (assumes a ±10% regulated 28V
DC supply).

The three candidates that come closest to meeting the
above requirement are the MA series V39MA2B model
and the ZA series V39ZA 1 and V39ZA05 models, all of
which have maximum steady-state DC voltage ratings of
31V. The V39MA2B and V39ZA05 V-I characteristics at
1A shows a maximum voltage of 73V, while the V39ZA 1
characteristic at 1A shows a maximum voltage of 67V.
Thus, the latter varistor is selected. Use of a 0.068>tF
capacitor in place of the 0.047>tF previously chosen would
allow use of the V39MA2B or V39ZA05.

Placing only a Harris Varistor rated for 31 VDC across the
contacts results in arcing up to the 66V level. By combin-
ing the two, the capacitor size and voltage rating are
reduced and suppression complete.

Besides checking the varistor voltage and arcing elimination,
the designer should review energy and peak current require-
ments. Varistor energy is determined from a measurement of
the coil inductance and the calculation E = 1/2 U2. Peak cur-
rent, of course, is under 1A. Power dissipation is negligible
unless the coil is switched often (several times per minute).

In those cases where multiple arcs occur, the varistor
energy will be a multiple of the above 1/2 U2 value. The peak
current is well within the rating of either the MA or ZA series
of varistors, but the number of contact operations allowable
for either varistor is a function of the impulse duration. This
can be estimated by assuming a URc time constant at the
1A or peak current value. Since the voltage across the varis-
tor is 67V at 1A, the varistor static resistance is 67Q. The coil
Rc value is 28V/1A, or 28Q. The coil inductance was found
to be 20mH. Thus, the approximate time constant is:

20mH
t = URc= -gs- = 210~s

From the pulse rating curves of the V39ZA 1 model, the num-
ber of allowable pulses exceeds 100 million.

Noise Suppression

PROBLEM

Switching of a small timer motor at 120V, 60Hz, was causing
serious malfunctions of an electronic device operating from
the same power line. Attempts were made to observe the
transient noise on the line with an oscilloscope as the first
step in curing the problem. Observed waveforms were
"hash," i.e., not readily identifiable.

Noise is an electromechanical system is a commonly experi-
enced result of interrupting current by mechanical contacts.
When the switch contacts open, a hot cathode arc may occur
if the current is high enough. On the other hand, low current
will permit switch opening without an are, but with ringing of
circuit resonances. As a consequence, voltages can exceed
the contact gap breakdown resulting in a replica of the old
spark gap transmitter. It is the low current case that produces
the most serious noise disturbances which can result in mal-
functions or damage to electrical equipment. These pulses
cause noise problems on adjacent lines, trigger SCR's and
triacs, and damage semiconductors. In addition, they can
disrupt microprocessor operation causing memory to be lost
and vital instructions to be missed.
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SOLUTION

A test circuit (Figure 24) was set up with lumped elements
replacing the measured circuit values. The motor impedance
was simulated by R,. L,. and C1• and the AC line impedance
by L2 and C2. A DC source allowed repeatable observations
over the full range of current that could flow through the
switch in the normal AC operation. A diode detector was
used to observe the RF voltage developed across a 2"
length of wire (50nH of inductance).

I

I

I,
C, I

SOpF:

I

L,: 6.SH

I

I

R, : 144S(1

FIGURE 24. TEST CIRCUIT

The supply is set at 25mA to represent the peak motor
current in normal 120VAC operation. As switch 81 was
opened, the waveform in Figure 25 was recorded. Note
the "showering arc" effect. The highest breakdown voltage
recorded here is 1020V, and the highest RF detector out-
put (shown in the lower trace) is 32V.

FIGURE 25. UNPROTECTED CONTACTS

Obviously, some corrective action should be taken and the
most effective one is that which prevents the repeated
breakdown of the gap. Figure 26 shows the waveform of
V, (upper trace) and VRF (lower trace) for the same test
conditions with a Harris Varistor, type V130LA10A. con-
nected directly across the switch terminals. The varistor
completely eliminates the relaxation oscillations by hold-
ing the voltage below the gap breakdown voltage (about
300V) while dissipating the stored energy in the system.
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FIGURE 26. VARISTOR PROTECTED CONTACTS

Protection of Transistors Switching Inductive Loads

PROBLEM

The transistor in Figure 27 is to operate a solenoid. It may
operate as frequently as once per second. The circuit (with-
out any suppression) consistently damages the transistor.

velh-
V+

26V I,
Ie ',

I
I

.......,......
PERIOD OF HIGH SOA

REQUIREMENT

Ve = COLLECTOR
EMITTER

VC~OLTAGE

V+
26V tIcWLl', ,

I ,,

IVllJLl'I ,

I I
I I

FIGURE 278. SOLENOID CIRCUIT WITH VARISTOR
PROTECTION

FIGURE 27. TRANSISTOR SWITCHING OF AN INDUCTIVE LOAD

The inductor drives the collector voltage up when the tran-
sistor base is grounded (turning "off"). The inductor forces
current to flow until the energy stored in its field is dissi-
pated. This energy is dissipated in the reverse bias condi-
tion of the transistor and is sufficient to cause breakdown
(indicated by a sudden collapse of collector voltage during
the pulse).



This condition can be eliminated either by shunting the
transistor with a suppressor or by turning it on with a
varistor connected collector-to-base. The first method will
considerably reduce the demands upon the safe operating
area (SOA) of the transistor. If the voltage is kept below its
breakdown level, all energy will be dissipated in the
suppressor. The latter method will cause the transistor to
once again dissipate the stored energy, but in the forward-
bias state in which the transistor can safely dissipate
limited amounts of energy. The choice is determined by
economics and reliability. A suppressor connected
collector-emitter (C-E) will be more expensive than one
connected C-8, since it is required to absorb more energy,
but will allow the use of a transistor with reduced SOA.

If a collector-emitter varistor is used in the above example, it
is required to withstand 28.6VDC worst-case (26 + 10% re~u-
lation). The stored energy is 1/2 U2 or 1/2 (0.20) (0.572) =
0.0327J. The energy contributed by the power supply is
roughly equal to this (coil vollage = supply vollage, since varis-
tor clipping vollage = 2 x supply voltage). Ignoring coil resis-
tance losses for a conservative estimate, varistor energy
dissipation is 0.065J per pulse. The peak current will be
0.572A, the same as the coil current when the transistor is
switched off.

If the transistor operates once per second, the average
power dissipation in the varistor will be 0.065W. This is
less than the 0.20W rating of a small 31VDC varistor
(V39ZA1). From the data sheet it can be seen that if the
device temperature exceeds 85°C, derating is required.
The nonrecurrent joule rating is 1.5J, well in excess of the
recurrent value. To determine the repetitive joule capabil-
ity, the current pulse rating curves for the ZA series must
be consulted. Two are shown in Figure 28.

To use Figure 28, the impulse duration (to the 50% point)
is estimated from the circuit time constants and is found
to be 1240IlS. From Figure 28A, for this example, the
7mm V39ZA 1 would not be limited to a cumulative number
of pulses.

In cases where the peak current is greater and intersects
with the recommended pulse life curves, the designer must
determine the maximum number of operations expected
over the life of the circuit and confirm that the pulse life
curves are not exceeded. Figure 288 shows the curves for
the larger, 14mm V39ZA6 device and, illustrates the
resultant higher capability in terms of number of transients
for a given peak pulse current and duration.

Also, it may be necessary to extrapolate the pulse rating
curves. This has been done in Figure 29 where the data
from Figure 288 is transposed. At low currents the extrap-
olation is a straight line.

Finally, the V-I characteristics curves must be consulted to
determine the varistor maximum clamping voltage in order
to select the minimum transistor breakdown voltage. In
this example, at 0.572A the V39ZA6 (if chosen) provides a
maximum of 61V requiring that the transistor have about a
65V or 70V capability.
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Motor Protection

Frequently, the cause of motor failures can be traced to insu-
lation breakdown of the motor windings. The source of the
transients causing the breakdown may be from either inter-
nal magnetic stored energy or from external sources. This
section deals with the self-generated motor transients due to
motor starting and circuit breaker operation. Externally gen-
erated transients and their control are covered in Section 2.

In the case of DC motors the equivalent circuit consists of a
single branch. The magnetic stored energy can be easily
calculated in the armature or field circuits using the name-
plate motor constants. With AC induction motors the equiva-
lent magnetic motor circuit is more complex and the circuit
constants are not always given on the motor nameplate. To
provide a guide for motor protection, Figures 30, 31, 32 were
drawn from typical induction motor data. While the actual
stored energy will vary according to motor frame size and
construction techniques, these curves provide guidance
when specific motor data is lacking. The data is conservative
as it assumes maximum motor torque, a condition that is not
the typical running condition. Stored energy decreases con-
siderably as the motor loading is reduced. Experience with
the suppression of magnetic energy stored in transformers
indicates that Harris Varistors may be used at their maxi-
mum energy ratings, even when multiple operations are
required. This is because of the conservatism in the applica-
tion requirements, as indicated above, and in the varistor rat-
ings. Thus, no attempt is made to derate the varistor for
multiple operation because of the random nature of the tran-
sient energy experienced.
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FIGURE 32. STORED ENERGY CURVES FOR A TYPICAL
MOTOR WITH STALLED ROTOR

As an aid in selecting the proper operating voltage for Harris
Varistors, Table 4 gives guidelines for wye-connected and
delta-connected motor circuits at different line-to-line applied
voltages. Figure 33 provides guidance in proper placement
of the varistor.

lnternuption of motor starting currents presents special prob-
lems to the user as shown in Figure 32. Since the stored mag-
netic energy values are approximately 10 times the nunning
values, protection is difficult at the higher horsepower levels.
Often the motor is started by use of a reduced voltage which



will substantially reduce the stored energy. A reduction in start-
ing current of a factor of two results in a four-fold reduction in
stored energy. If a reduced voltage starter is not used, then a
decision must be made between protection for the run condition
only, and the condition of locked rotor motor current. For most
applications, the starting condition can be ignored in favor of
selecting the varistor for the worst-case run condition.

To protect a two-pole, 75hp, 3¢1,460VRMSline-to-Iine wye-
connected motor from interruption of running transients.

Specific Motor Data Is Not Available

SOLUTION

Consult Figure 30 along with Table 4. Standard varistors
having the required voltage ratings are the 320VRMSrated
models. This allows a 20% high-line voltage condition on
the nominal 460V line-to-Iine voltage, or 266V line-neutral
voltage. Figure 30 shows a two-pole 75hp, wye-connected
induction motor, at the running condition, has 52J of
stored magnetic energy per phase. Either a V320PA40
series or a V321HA32 series varistor will meet this
requirement. The HA series Harris Varistor provides a
greater margin of safety, although the PA series Harris
Varistor fully meets the application requirements. Three
varistors are required, connected directly across the motor
terminals as shown in Figure 33.

FIGURE 33B. DELTA CONNECTED

FIGURE 33. VARISTOR - 34>INDUCTION MOTOR CIRCUIT
PLACEMENT

Power Supply Crowbar

Occasionally it is possible for a power supply to generate
excessively high voltage. An accidental removal of load can
cause damage to the rest of the circuit. A simple safeguard
is to crowbar or short circuit the supply with an SCA. To pro-
vide the triggering to the SCR, a high-voltage detector is
needed. High voltage avalanche diodes are effective but
expensive. An axial leaded Harris Varistor provides an effec-
tive, inexpensive substitute.

In the circuit of Figure 34, the voltage, without protection,
can exceed twice the normal 240V peaks, damaging com-
ponents downstream. A simple arrangement to crowbar
the supply is shown.

~
FULL WAVE
(RECTIFIED)

NORMAL VOLTAGE
< 240V PEAK
ABNORMAL VOLTAGE
> 400V PEAK

FIGURE 34. CROWBAR CIRCUIT

The supply shown can provide 2ARMSof short-circuit cur-
rent and has a lA circuit breaker. A Cl06D SCR having a
4ARMScapability is chosen. Triggering will require at least
OAV gate-to-cathode, and no more than 0.8V at 200!J.Aat
25°C ambient.

Check the MA series Harris Varistor specifications for a
device capable of supporting 240V peak. The V270MA4B
can handle" 2 (171VRMS) = 242V. According to its
specification of 270V ±10%, the V270MA4B will conduct
1mADe at no less than 243V. The gate-cathode resistor can
be chosen to provide OAV (the minimum trigger voltage) at
1mA, and the SCR will not trigger below 243V. Therefore,
RGK should be less than 4000. The highest value 5%
tolerance resistor falling below 4000 is a 3600 resistor,
which is selected. Thus, RGKis 3780 maximum and 3420
minimum. Minimum SCR trigger voltage of OAV requires a
varistor of 0.4V/3780, or 1.06mA for a minimum varistor
voltage of =245V. The maximum voltage to trigger the
circuit is dependent upon the maximum current the varistor
is required to pass to trigger the SCA. For the Cl06 at
25°C, this is determined by calculating the maximum
current required to provide 0.8V across a parallel resistor
comprised of the 3600 RGK selected and the equivalent
gate-cathode SCR resistor of 0.8V/200!J.A,since the Cl06
requires a maximum of 200!J.Atrigger current. The SCR
gate input resistance is 4kn and the minimum equivalent
gate-cathOde resistance is the parallel combination of
4kO and RGK(MIN)' or 3600 -5%, 3420. The parallel



combination is 31511. Thus, 'VARISTORfor maximum
vOltage-to-trigger the C106 is 0.8V/315Q, or 2.54mA.
According to the specification sheet for the V270MA4B, the
varistor will not exceed 330V with this current. The circuit
will, therefore, trigger at between 245 and 330V peak, and
a 400V rated C106 can be used. The reader is cautioned
that SCR gate characteristics are sensitive to junction
temperatures, and a value of 25°C for the SCR temperature
was merely chosen as a convenient value for
demonstrating design procedures.

The maximum energy per pulse with this waveform is
determined as approximately 1/2 x K x IpK X VPK X 1 (dura-
tion of 1/2 wave pulse), or 0.52mJ for this example. Since
the voltage does not drop to zero in this case, the SCR
remains on, and the varistor sees only one pulse; thus, no
steady-state power consideration exists.

General Protection of Solid State Circuitry, Against
Transients On 117VACLines

PROBLEM

Modern electronic equipment and home appliances con-
tain solid state circuitry that is susceptible to malfunction
or damage caused by transient voltage spikes. The equip-
ment is used in residential, commercial, and industrial

buildings. Some test standards have been adopted by var-
ious agencies (see Sections 1 and 7), and further defini-
tion of the environment is underway by the IEEE and other
organizations.

The transients which may occur on residential and com-
mercial AC lines are of many waveshapes and of varying
severity in terms of peak voltage, current, or energy. For
suppressor application purposes, these may be reduced
to three categories.

First, the most frequent transient might be the one
represented by a 30kHz or 100kHz ring wave. This test
surge is defined by an oscillatory exponentially decaying
voltage wave with a peak open circuit voltage of 6kV. This
wave is considered representative of transients observed
and reported by studies in Europe and North America.
These transients can be caused by distant lightning
strikes or distribution line switching. Due to the relatively
high impedance and short duration of these transients,
peak current and surge energy are lower than the second
and third categories.

The second category is that of surges produced by nearby
lightning strokes. The severity of a lightning stroke is char-
acterized in terms of its peak current. The probability of a

RMSLineVoltage > 230 380 460 550 600
(Line-Line)

DeltaConnected AppliedV. 230 380 460 550 600
VaristorRatings 250/275 420/480 510/575 575/660 660

Y Connected AppliedV. 133 220 266 318 346
VaristorRatings 150 250/275 320 420 420

APPLICATION SUGGESTED
TYPE DUTYCYCLE LOCATION EXAMPLE MODEL

LightConsumer VeryLow A Mixer/Blender V130LA2or LA5

Consumer Low A PortableTV V130LA10A

Consumer Medium A ConsoleTV/PC V130LA20A

Light Industrial Medium B Copier V130LA20Aor B or C

Industrial Medium B SmallComputer V130PA20Aor C, HA32

Industrial High B LargeComputer V131DA40or DB40

Industrial High B ElevatorControl V151DA40or DB40



direct stroke of a given severity can be determined. How-
ever, since the lightning current divides in many paths, the
peak current available at an AC outlet within a building is
much less than the total current of the stroke. The stan-
dard impulse used to represent lightning and to test surge
protective devices is an 8/20!ls current waveshape as
defined by ANSI Standard C68.2, and also described in
ANSI/IEEE Standard C62.41-1991 and IEC 664-1 (1992).

A third category of surges are those produced by the dis-
charge of energy stored in inductive elements such as
motors and transformers. A test current of 10/1OOO!lS
waveshape is an accepted industry test impulse and can
be considered representative of these surges.

Although no hard-and-fast rules can be drawn as to the
category and severity of surges which will occur, a helpful
guideline can be given to suggest varistors suitable in typ-
ical applications.

The guideline of Table 5 recognizes considerations such
as equipment cost, equipment duty cycle, effect equip-
ment downtime, and balances the economics of equip-
ment damage risk against surge protection cost.

Reference
[1) Kaufman, R., "The Magic of 12t," IEEE Trans. IGA-2, No.

5, Sept.-Oct. 1966.
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Varistor Testing

As with any device, metal-oxide varistors possess a number
of parameters which can be identified and measured in sev-
eral ways. However, to minimize testing effort, the test
parameters should be reduced to the essential few. Also,
tests should be conducted in a standard way to assure cor-
relation of measured values between maker and user. The
essential varistor parameters are defined in Section 3. This
section will detail the tests of these varistor parameters,
describe suitable test methods using simplified test circuits,
and list some available test equipment.

It should be noted that all tests are performed at 25°C,
unless otherwise specified. Also, the test circuits and meth-
ods given herein are intended as a general guide only, and
may not be generally applicable to the test equipment avail-
able to the user. Since the tests frequently entail high volt-
ages and currents, the user must exercise appropriate
safety precautions.

Varistor testing that would be undertaken by a user will
depend considerably on prior knowledge of both the device
and the application. Factors are the relative severity of the
application (both electrical and environmental), the number
of devices to be used, and the possible adverse effect of
device misapplication or malfunction. Further considerations
are resources available to the user and the economics of
alternate uses of those resources versus more extensive
varistor testing. Equipment makers designing transient pro-
tection into their products will have different objectives in
varistor testing than a user simply adding a few varistors to
existing equipment as a protective step. Finally, the user
may have different test requirements depending on which
point in the cycle of system design or component evaluation
and procurement the testing is being done.

Engineering Evaluation

For the original equipment maker, the process of evaluating
and procuring a new component begins with an initial evalu-
ation of the component itself. Typically, the circuit or systems
engineer will obtain a few samples of the candidate compo-
nent for evaluation in the prototype equipment design. He
may seek recommendations from his component engineer in
selecting from devices available in the market. It is important
to focus on the key characteristics and ratings to determine if
the component can perform as expected. Typically, varistor
voltage, clamping voltage, standby current, insulation resis-
tance, and capacitance of the samples should be measured
according to the methods given in Measurement of Varistor
Characteristics section. Assuming that a varistor type has
been selected according to the design application examples
of Section 4, the engineer obviously will verify that the com-
ponent performs as expected when placed in the bread-
board circuit. Also, it should be verified that variation of
these parameters within their specification values are con-
sistent with the application requirements. The surge current,
or energy, and waveshape available in the circuit together

with its frequency of occurrence should be measured or
computed. These characteristics of the expected transients
should then be checked against the pulse lifetime and the
power dissipation ratings of the selectee' varistor type.
Where suitable equipment is available, the rating of the
varistor may be verified by injections of transients into the
varistor alone or into the prototype circuit. See Equipment for
Varistor Electrical Testing and Test Waves and Standards in
this section for a discussion of transient test equipment and
test waves.

In some user organizations, selection and evaluation of the
varistor as a component may pass to a specialized group
that evaluates component engineering and reliability. The
final output of this evaluation will be a purchase specification
detailing the mechanical and electrical requirements and rat-
ings of the component, and possible approved sources for
the part. A product qualification plan often will be used to
detail the electrical and environmental tests to which a sam-
ple of the candidate component may be subjected and which
it must pass in order to be approved. Frequently the manu-
facturer will be asked to supply supporting data for his in-
house testing to supplement and minimize the qualification
testing. The suggested electrical characteristics tests are
(with appropriate conditions and limits): nominal varistor volt-
age, VN; maximum clamping voltage, Vc; DC standby cur-
rent, 10 (optional, especially for AC applications); insulation
resistance; and capacitance. These characteristics will be
measured frequently in the component/equipment cycle
thereafter, and care should be exercised that they are nei-
ther too many and complex nor too few to be meaningful to
the application. Reliability requirements of operating condi-
tions and expected life will sometimes be specified and usu-
ally tested for early in the qualification phase of the
component. These tests may be performed at special condi-
tions of environment or temperature to stress the component
as proof of its intended use or design capability. A test to
insure surge current withstand capability may be included in
the qualification plan. This test must be carefully performed
and specified (by using either 8/2011sor 10/1OOOI1Swave-
shapes) in line with the recommendations of Section 3 and
consistent with the pulse lifetime rating chart of the varistor
selected. Other qualification tests may be used to ensure
mechanical integrity, humidity resistance, solderability, and
terminal/lead strength. These tests should be of a standard
nature wherever possible to assure reproducibility.

Incoming Inspection

Once the component has been qualified, the equipment
maker will wish to verify that shipments received consist of
correct parts at the expected quality level. Shipments will be
sample-tested to assure correct markings, appearance,
finish, and major or critical electrical parameters. It is
especially desirable to prevent material with incorrect
voltage characteristics from entering assembly operations
so as to minimize troubleshooting and rework. For incoming
inspection of Harris Varistors, it is recommended that sample
testing include nominal varistor voltage, VN, tested against
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the minimum and maximum voltages specified on the
purchase drawing/specification. Components below
specification limits may lead to premature degradation or
circuit failure. If above specification, they may not deliver the
required protection from transients and may possibly allow
other failures. Other electrical sampling tests frequently
performed can include insulation resistance and
capacitance. Tests such as maximum clamping voltage, Vc,
and DC standby current, 10, are usually checked only on a
periodic audit basis.

Field Maintenance

Field maintenance testing is done to verify that the varistor is
still providing the intended protection function or, in the case
of sensitive circuit applications, that the varistor has not
degraded. Since the usual change of Harris Varistor
characteristics when overstressed is toward lower
resistance, it is very unlikely that the protection function will
deteriorate unless the electrode system is damaged. The
varistor should be physically examined for loose leads,
charred or broken areas in the encapsulant, solder dribbles
on the leads, or other evidence of overheating damage. If
physically acceptable, the varistor may be tested electrically.

The nominal varistor voltage should be tested against the
minimum limits for the model using the method described in
the Nominal Varistor Voltage VN section. If the varistor is
open, short, or more than 10% outside either limit, it should
be discarded. The DC standby current also should be
measured. If more than twice the specification, the varistor is
significantly degraded and should be discarded. If the
varistor is physically sound and shows no evidence of
degradation in these electrical tests, it is fully functional.

Nominal Varistor Voltage VN

This is measured at a DC test current, IN of 1mA for product
models. A simplified circuit for instrumenting this test, shown
in Figure 1, is suitable for varistors up through a rating of
300VRMS' Above the 300VRMS rating, a higher supply
voltage will be needed. Resistor R1 has a dual purpose. In
conjunction with the variable voltage supply, E1, it forms a
quasi-current source providing up to 6mA when switch Sl is
closed. Also, R1 is used as a current sensor to measure
current flowing through the varistor-under-test. To use the
circuit, the operator places switch S2 in position I and S3 into
position VN. A test device is then inserted into the socket
and S1 is closed. E1 is then adjusted to obtain a reading of
100V ±5V on the digital voltmeter. Approximately 1mA of
current will be flowing in R1. When switch S2 is placed in
position V, the varistor voltage will be indicated on the
voltmeter. The values of R1 and E1 supply voltage can be
scaled appropriately for other voltage-current test points.

If the varistor voltage test is implemented on automatic test
equipment, a "soak" time of 20ms minimum should be
allowed after application of test current before voltage mea-
surement. This is necessary to allow varistor voltage to set-
tle toward a steady-state value. Figure 2 illustrates the time
response of a specimen varistor with a constant 1.0mA cur-

rent applied. As can be seen, the varistor voltage initially
may rise to a value up to 6% greater than final. With a 20ms
or greater soak time, the measured value will differ by less
than 2% from the steady-state value.

t
250Vr
240Vr
230V

[
FIGURE 2. VOLTAGE-TIME V{T) CHARACTERISTICS OF A

HARRIS VARISTOR (V130LA10A) OPERATING AT
A CONSTANT DC CURRENT OF 1.0mA

For varistor models that are commonly used on 60Hz power
lines, the VN limits may be specified for a 1.0mA peak AC
current applied. If an AC test is preferred by the user, a
schematic approach similar to that shown in Figure 1 is
used, except an AC Variac™ is substituted for the DC power
supply, and an oscilloscope is substituted for the voltmeter.
This circuit is equivalent to that of a typical curve tracer
instrument.

To avoid unnecessary concern over minor measurement
anomalies, three behavioral phenomena of metal-oxide
varistors should be noted. First, it is normal for the peak
varistor voltage measured with AC current to be about 2% to
5% higher than the DC value, as illustrated by Figure 3. This
"AC-DC difference" is to be expected, since the one-quarter
cycle period of a 60Hz wave is much less than the 20ms
minimum settling time required for DC readout.

Second, it is normal for the varistor voltage to increase
slightly when first subjected to electrical current, as shown in
Figure 4. This might be considered a "break-in" stabilization
of the varistor characteristics. During normal measurement
the voltage shift typically is less than 1%. This voltage shift is
of little consequence for most measurement purposes but
might be noticeable when viewing a DVM as in the test
method of Figure 1. The visual DVM observation should be
made shortly after power is applied, with measurement to
not more than three significant figures.
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FIGURE SA. 8120115,WAVE Ip = 50A, Vp = 315V FIGURE5B. 1011000115, WAVE Ip = 50A, Vc = 315V

FIGURE 5. TYPICAL CLAMPING VOLTAGE TEST WAVEFORMS (HARRIS VARISTOR TYPE V130LA10A)

Third, it is normal for the varistor voltage-current
characteristic to become slightly asymmetrical in polarity
under application of DC electrical stress over time. The
varistor voltage will increase in the same direction as the
polarity of stress, while it will be constant or will decrease in
the opposite polarity. This effect will be most noticeable for a
varistor that has been subjected to unipolar pulse stresses
or accelerated DC life tests. Therefore, to obtain consistent
results during unipolar pulse or operating life tests, it is
essential to provide a polarity identification for the test
specimens. However, for initial readout purposes, this effect
usually is insignificant.

Maximum Clamping Voltage, Vc

As discussed in Section 3, the clamping voltage of a varistor
is best defined in terms of the current impulse impressed on
the varistor, rather than in terms of applied voltage. Two
typical current impulses that may be used to define the
varistor clamping voltage are the 8/20lls and the 10/1OOOIlS
pulses. Figure 5 shows typical varistor test waveforms for
these two impulses.

The clamping voltage of a given model varistor at a defined
current is related by a factor of the varistor voltage. There-
fore, a test of the nominal varistor voltage against specifica-
tions may be sufficient to provide reasonable assurance that
the maximum clamping voltage specification is also satis-
fied. When it is necessary to pertorm the VC test, special
surge generators are required. For shorter impulses than
8/20IlS, precautions must be observed to avoid an errone-
ous "overshoot" in the measurement of the clamping volt-
age. The Equipment for Varistor Electrical Testing section
gives general information on surge generators; a brief
description of the "overshoot" effect follows.

The Harris Varistor specification sheets show the VI charac-
teristic of the devices on the basis of maximum voltage
appearing across the device during a current pulse of
8/20IlS. If current impulses of equal magnitude but faster rise
are applied to the varistor, higher voltages will appear across
the device. These higher voltages, described as "overshoot,"
are partially the result of an intrinsic increase in the varistor
voltage, but mostly of the inductive effect of the unavoidable
lead length. Therefore, as some applications may require



current impulses of shorter rise time than the conventional
811S, careful attention is required to recognize the contribu-
tion of the voltage associated with lead inductance.11]

The varistor voltage, because of its nonlinearity, increases
only slightly as the current amplitude of the impulse
increases. The voltage from the lead inductance is strictly
linear and therefore becomes large as high current ampli-
tudes with steep fronts are applied. For that reason, it is
impractical to specify clamping voltages achieved by lead-
mounted devices with current impulses having rise times
shorter than 0.511S, unless circuit geometry is very accurately
controlled and described.

To illustrate the effect of lead length on the "overshoot," two
measurement arrangements were used. As shown in
Figures 6A and 68, respectively, 0.5cm2 and 22cm2 of area
were enclosed by the leads of the varistor and of the voltage
probe.

The corresponding voltage measurements are shown in the
oscillograms of Figures 6e and 6D. With a slow current front
of 811S,there is little difference in the voltages occurring with
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a small or large loop area, even with a peak current of 2.7kA.
With the steep front of 0.511S, the peak voltage recorded with
the large loop is nearly twice the voltage of the small loop.
(Note on Figure 6D that at the current peak, L di/dt = 0, and
the two voltage readings are equal; before the peak, L dildt
is positive, and after, it is negative.)

Hence, when making measurements as well as when
designing a circuit for a protection scheme, it is essential to
be alert to the effects of lead length (or more accurately of
loop area) for connecting the varistors. This is especially
important when the currents are in excess of a few amperes
with rise times of less than l11S.

With reasonable care in maintaining short leads, as shown in
Figure 6A, it is possible to describe the "overshoof' effect as
an increase in clamping voltage relative to the value
observed with a 8/2011S impulse. Pigure 7 shows a family of
curves indicating the effect between 811S and 0.511S rise
times, at current peaks ranging from 20A to 2000A. Any
increase in the lead length, or area enclosed by the leads,
would produce an increase in the voltage appearing across
the varistor terminals • that is, the voltage applied to the
protected load.

FIGURE 66. EXCESSIVE LOOP AREA TYPICAL "OVERSHOOT"
OF LEAD·MOUNTED VARISTOR WITH STEEP
CURRENT IMPULSES

FIGURE 6C. CURRENT RISE OF aJ.lS FIGURE 60. CURRENT RISE OF O.5J.ls

FIGURE 6. EFFECT OF LEAD LENGTH ON "OVERSHOOT"



DC Standby Current, 10 85% of VN, Figure 8 shows the typical DC standby current of

This current is measured with a voltage equal to the rated
a model V130LA lOA varistor in the order of l011A or 2011A at
room temperature. ID increases to about 8011A at 85°C, the

continuous DC voltage, VM(DC), applied across the varistor. maximum operating temperature without derating.
The circuit of Figure 1 is applicable where current sensing
resistor R2 has a value of 1000a. The test method is to set Capacitance
the voltage supply, E 1, to the specified value with switch 81
closed and 82 in the V position. Then 82 is placed in posi- 8ince the bulk region of a Harris Varistor acts as a dielectric, the

tion I and 83 in position, ID. 81 is then opened, the test device has a capacitance that depends directly on its area and

device is inserted in the test socket, and 81 is closed. The varies inversely with its thickness. Therefore, the capacitance

DVM reading must be converted into current. For example, if of a Harris Varistor is a function of its voltage and energy rat-

a maximum standby current of 20011A is specified, the maxi- ings. The voltage rating is determined by device thickness, and

mum acceptable DVM reading would be O.200V. the energy rating is directly proportional to volume.

The measurement of DC standby current can be sensitive to Harris Varistor capacitance can be measured through use of
the device behavioral phenomena of "break-in" stabilization a conventional capacitance bridge and is found to vary with
and polarization of the VI characteristics, as described in the frequency, as shown in Figure 9. Typically, capacitance mea-
Nominal Varistor Voltage VN section. If the device under test surements are made at 1MHz. Dissipation factor also is fre-
has prior unipolar electrical history, polarity indicators should quency-dependent, as shown in Figure 10.
be observed and test values interpreted accordingly.

When measured with a DC bias, the capacitance and dissi-
The value of DC standby current also can be sensitive to pation factor show little change until the bias approaches or
ambient temperature. This is unlike varistor characteristics exceeds the VN value. Furthermore, the capacitance change
measured at currents of 1mA or greater, which are relatively caused by an applied voltage (either DC or AC) may persist
insensitive to ambient temperatures. With VM(DC) around when the voltage is removed, with the capacitance gradually
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returning to the prebias value. Because of this phenomenon,
it is important that the electrical history of a Harris Varistor be
known when measuring capacitance.

A number of characteristic measurements can be derived
from the basic measurements already described, including
the nonlinear exponent (alpha), static resistance, dynamic
impedance, and voltage clamping ratio. These characteris-
tics are derived characteristics in the sense that they are
found by computation per the defining equations given in Sec-
tion 3. The data, however, may be obtained by measurement
methods similar to those already given for nominal varistor
voltage and maximum clamping voltage. These miscella-
neous characteristics may be useful in some cases to enable
comparison of Harris Varistors with other types of non-linear
devices, such as those based on silicon carbide, selenium
rectifier or zener diode technologies.

Continuous Rated RMS and DC Voltage [VM(AC)and VM{DC~

These are established on the basis of operating life tests
conducted at the maximum rated voltage for the product
model. These tests usually are conducted at the maximum
rated ambient operating temperature, or higher, so as to
accelerate device aging. Some test results are given in Sec-
tion 8. Unless otherwise specified, end-of-lifetime is defined
as a degradation failure equivalent to a VN shift in excess of
±10% of the initial value. At this point the device is still con-
tinuing to function. However, the varistor will no longer meet
the original specifications.

A typical operating life test circuit is shown in Figure 11. If the
varistor is intended principally for a DC voltage application,
then the AC power source should be changed to DC. It is
desirable to fuse the varistors individually so testing is not
interrupted on other devices if a fuse should blow. The volt-
age sources should be regulated to an accuracy of ±2% and
the test chamber temperature should be regulated to within
±30C. The chamber should contain an air circulation fan to
assure a uniform temperature throughout its interior. The
varistors should receive an initial readout of characteristics
at room ambient temperature i.e., 25 ±3°C. They should
then be removed from the chamber for subsequent readout
at 168,500, and 1000 hours. A minimum of 20 minutes
should be allowed before readout to ensure that the devices
have cooled off to the room ambient temperature.

Transient Peak Current, Energy, Pulse Rating, and
Power Dissipation Ratings

Special surge generator equipment is required for testing.
Data on commercially available equipment is given in
Table 3, and an example test circuit is described in the
Equipment for Varistor Electrical Testing section. Since high
energy must be stored at high voltages to perform these
tests, especially on larger sizes of Harris Varistors, the
equipment is necessarily expensive and must be operated
using adequate safety precautions.

The peak current rating, ITM of Harris Varistors is based on
an 8120~s test impulse waveshape. The specifications
include a maximum single value in the ratings table. A pulse
rating graph defines the peak current rating for longer
impulse duration as well, such as for a 10/1000~s wave. A
family of curves defines the rated number of impulses with a
given impulse duration and peak current.

Energy rating, WTM, is defined for a 10/1000~s current
impulse test wave. This waveshape has been chosen as
being the best standard wave for tests where impulse
energy, rather than peak current, is of application concern. A
direct determination of energy requires that the user inte-
grate over time the product of instantaneous voltage and
current. Such integration is cumbersome to perform, and the
integration feature is not generally available in surge genera-
tion equipment.

However, peak voltage and current are readily measured
with available equipment. Therefore, the energy rating can
be tested indirectly by applying the rated peak impulse cur-
rent of a 1011OOO~swaveshape to the test specimen. Then,
the energy dissipated in the varistor can be estimated from
the known pulse waveshape. For a 10/1000~s waveshape
the approximate energy is given by the expression
E = lAVe 11:. See Section 4 for a discussion of energy dissi-
pation for various waveshapes.

For example, a model V130LA10A varistor has a single
pulse rating for a 1011OOO~simpulse waveshape of about
75A peak, and a maximum clamping voltage at 75A of about
360V. Thus, the computation of estimated energy dissipation
is 38J.

The transient power dissipation rating, PTAM, is defined as
the maximum average power of test impulses occurring at a
specified periodic rate. It is computed as the estimated
energy dissipation divided by the test pulse period.
Therefore, varistors can be tested against this rating by
applying two or more impulses at rated current with a
specified period between pulses. For example, a model
V130LA lOA varistor has a pulse rating of two 1011OOO~stest
impulses with a peak current of about 65A. The estimated
energy dissipation per pulse computed as per the preceding
example is about 30J. If a period of 50s is allowed after the
first test pulse, the estimated average power dissipation can
be computed as about 0.6W, which is the specification
rating. It should be noted that Harris Varistors are not rated
for continuous operation with high-level transients applied.
The transient power dissipation rating is based on a finite
number of pulses, and the pulse rating of the varistor must
be observed. See Figure 12.
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Table 1 outlines a suggested program of testing to verify
varistor transient and pulse ratings with a minimum of
expensive, time-consuming testing. New specimens should
be used for each test level and failure judged according to
the specification criteria.

TABLE 1. TESTINGOFTRANSIENTCURRENT,ENERGY,
PULSE RATING, AND POWER DISSIPATION
RATINGS

NO.PULSES
AT RATED TEST MINIMUM
CURRENT WAVE- PULSE

TEST (ALTERNATING SHAPE PERIOD
PARAMETER POLARITY) (~s) (s)

MaximumPeak 1(samepolarityas 8/20 NA
Current readout)

Pulse/EnergyRating, 2 10/1000 50
PowerDissipation

PulseRating 10 8/20 25

PulseRating 100 8/20 12

Continuous Power Dissipation

Since Harris Varistors are used primarily for transient sup-
pression purposes, their power dissipation rating has been
defined and tested under transient impulse conditions. If the
devices are to be applied as threshold sensors or coarse
voltage regulators in low power circuits, then a dissipation
test under continuous power is more appropriate. This con-
tinuous power test will aid the user in determining if the
device is suitable for his specific application.

A circuit for continuous power dissipation testing is shown in
Figure 13. The DC power supply voltage should be set to a
value of approximately twice the nominal varistor voltage of
the product model under test. In that case, nearly constant
power dissipation is maintained in the varistor. Since the cir-
cuit transfers nearly equal power to the series resistor and
varistor-under-test, the series resistor value is simply chosen
to achieve the test design value of power dissipation. In
Figure 13 a nearly constant power dissipation of about 0.6W
is obtained.

Mechanical and Environmental Testing of
Varistors

Introduction

Many tests have been devised to check the reliability of
electronic components when subjected to mechanical and
environmental stresses. Although individual equipment
makers may specify their own tests on component purchase
documents, these tests are often based on an equivalent
MIL-STD specification. Therefore, it is convenient to
summarize these tests in MIL-STD terms. Since the ratings
of Harris Varistors may vary with product series and model,
the test conditions and limits should be as specified on the
applicable detail specification.

Harris Varistors are available in a high reliability series. This
series incorporated most standard mechanical and environ-
mental tests, including 100% pre-screening and 100% pro-
cess conditioning. Details are provided in Section 13.

UL Recognition Tests

The standards of Underwriters Laboratories, Inc. (UL) under
which applicable Harris Varistors have been tested and rec-
ognized are:

• UL-1449 Transient Voltage Surge Suppressors,
File E75961
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• UL-1414 Across the Line Components, File E56529

• UL-497B Protectors for Data Communications, File E35010

The tests were designed by UL and included discharge
(withstand of charged capacitor dump), expulsion (of com-
plete materials), life, extended life, and flammability
(UL94VO) tests.

Introduction

Most tests of Harris Varistors can be performed with rela-
tively simple circuits and inexpensive equipment on the labo-
ratory bench. However, large users with versatile automatic
test systems available may find it more economical to pro-
gram these systems for the low-current varistor tests. As
noted previously, medium or high-current impulse testing will
require specialized test equipment. Table 2 is a partial listing
of available test equipment and systems that can be used for
varistor testing. It is intended as a guide only to illustrate the
generic type of equipment oHered commercially.



A convenient method of generating current or voltage surges
consists of slowly storing energy in a capacitor network and
abruptly discharging it into the test varistor. Possible energy
storage elements that can be used for this purpose include
lines (lumped or distributed) and simple capacitors, depend-
ing on the waveshape desired for the test. Figure 14 shows
a simplified schematic for the basic elements of an impulse
generator.

The circuit is representative of the type used to generate
exponentially decaying waves. The voltage supply, E1, is
used to charge the energy storage capacitor, C, to the
specified open-circuit voltage when switch S1 is closed.
When switch S2 (an ignition or a triggered gap) is closed, the
capacitor, C, discharges through the waveshaping elements
of the circuit into the suppressor device under test. With
capacitances in the order of 1~F to 1O~F and charging
voltages of 10kV to 20kV, the typical 8/20~s or 10/1OOO~s
impulses can be obtained by suitable adjustment to the
waveshaping components L, R1, and R2, according to
conventional surge generator design.l2, 3,4,5)

Transient measurements include two aspects of varistor
application: (1) detection of transients to determine the need
for protection, and (2) laboratory measurements to evaluate
varistor performance. Transient detection can be limited to
recording the occurrence of transient overvoltages in a par-
ticular system or involve comprehensive measurements of
all the parameters which can be identified. Simple detection
can be performed with peak-indicating or peak-recording
instruments, either commercial or custom-made. Table 3
gives a partial listing of such instruments.

Laboratory instruments and field detection with comprehen-
sive instrumentation can involve substantial investment, pri-
marily associated with oscilloscopes, cameras, and calibrated
sensors. A detailed discussion of these systems is beyond the
scope of this manual; rather, the major oscilloscope manufac-
turers should be consulted, as well as the available literature.

The varistor test procedures described in this section have
been established to ensure conformity with applicable
standards, [6J as well as to reflect the electromagnetic
environment of actual circuits!7J which need transient
protection. Section 1 presented an overview of the transient
environment; some additional background is presented in
this section concerning generally accepted assumptions
about this environment.

Test Waves

A number of test waves have been proposed, to be applied
to various electronic "black boxes," in order to demonstrate
capability of survival or unimpeded performance in the envi-
ronment. Table 4 is a partial listing of these test waves pre-
sented to illustrate the variety of proposals rather than to be
an exhaustive listing.

TYPE AND MANUFACTURER MODEL FEATURES

Storage Curve Tracer
Tektronix,Inc. 577/177(Alsocan use 576) ACand DCtestsup to 1600Vpeak,withsafetyinterlock,
P.O. Box500 storagedisplaymode.
Beaverton,OR 97077
503-627-7111
Auto Capacitance Bridge
GenradInc. 1687 1MHztest frequency,3 measurements/see,0.01%accu-
300 BakerAve. racy,digitaldisplay,programmablecontrol,IEEEtesting.
Concord,MA 01742
617-369-4400
Varistor Test System
Mastech,Inc. 222F,342 OV-2000V,up to 10mAoc,100mApulse,digital readout,
478 E. BrightonAve. frontpanelprogramming.
Syracuse,NY 13210 OkV-100kVat10A.Frontpanelprogramming.IEEE
315-478-3133 Standard4888.
Semiconductor Test Systems
Teradyne,Inc. T57or Z27 OV-1200V,up to 10mA,computeroperated, line printer
183EssexSI. output, multiple test stations, data analysis software,
Boston,MA02111 tapecartridge.
617-482-2700



TYPE AND MANUFACTURER MODEL FEATURES

Pulse Generator
Cober Electronics, Inc. 605P 2.2kV, 20kW peak power, pulses 0.3~s - 10ms, variable
102 Hamilton Ave. PRF or can amplify external input.
Stamford, CT 06904
203-327-0003

Velonex 360,587,510,515 2.5kV, 10A, pulses, up to 300~s wide, variable PRF, vari-
560 Robert Ave. able rise-fall available, plug-ins for higher peak I.
Santa Clara, CA 95050
408-727-7370

Surge Generator Systems
KeyTek Instrument Corp. System 1000, including Models 6kV, up to 10kA, further expandable, selectable wave-
260 Fordham Rd. 424, 711 and 587 shapes (8/20, 10/1000, etc.), measures and displays
Wilmington, MA peak V-I across test device. Peak biased differential high
617-272-5170 voltage probe. IEEE testing.

Joslyn Corp
P.O. Box 817 4020-01 • 5 pin telephone module tester
Santa Barbara Research Park • Tests Gas Tube and Solid State modules
6868 Cortona Drive

• Battery operationGoleta, CA 93116
805-968-3551

4010-01 • Test set for surge protection devices

• Tests breakdown at1 mA and clamping voltage

• Tests MOVs, Zener, etc.

TYPE AND MANUFACTURER MODEL FEATURES

Storage Oscilloscopes
Tektronix 466,7834 1OOMHz,3000div/~s speed, portabie Multimode storage,
P.O. Box 500 400MHz, 5500div/~s
Beaverton, OR 97077
503-627-7111

Peak Recording Instruments
Micro-Instrument Memory Voltmeter Model 5203 20MHz, records, displays voltage levels up to 2kV
P.O. Box 1565
2250 Micro Place
Escondido, CA 92025
619-746-2010

Bermar Memory Voltmeter MVM-108 Dispiays peak voltage, >0.5~s pulses up to 8kV
P.O. Box 12844
Research Triangle Park
North Carolina 27709
919-489-4316

Dranetz Technologies Model 606, 626 Prints out peak voltages, >0.5~s duration pulse
1000 New Durham Rd.
Edison, NJ 08818
201-287-3680

Industrionics Zap Trap Measures peak voltages, >2~s duratloIC
54 Holliston St.
Medway, MA 02053
617-533-6736

Trott Electronics Inc. TR745A Detects 0.3~s pulses, up to 3000V
9020 Wehrle Dr.
Clarence, NY 14031
716-634-8500
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DESCRIPTION

ORIGIN WAVESHAPES AMPLITUDE TYPICAL APPLICATION

ANSI,IEC • 1.2/5011s Specified voltage Power apparatus
·8/2011S Specified current

IEEE Std. 472 • 1.25MH repetitive at 60Hz 2.5kV Peak Low-voltage AC circuits and control
Guide for Surge Withstand Capability • 611Sdecay to 50% lines in substation equipment.
(SWC) • 150n source impedance

ANSI/IEEE Std. C62.41-1991 • 0.511S- 100kHz Dependent on Low-voltage AC circuits and signal
Recommended Practices on Surge • 1.2/5011svoltage location lines.
Voltage in Low Voltage AC Power • 8/2011Scurrent
Circuits

Ground Fault Interrupters • 0.511Srise 3kV and 6kV High impedance circuit of ground fault
• 100kHz ring interrupters.
• 2nd peak;" 60% first
• 50n source impedance

ANSI/IEEE C62.31-1982 Three requirements:
Test Specifications for Gas Tube Surge • 10/1OOOliScurrent 50 to 500A Telephone protectors
Protective Devices • 8/2011Scurrent 5 to 20kA

• Linear voltage ramp of 100,
500, 5000, 10,OOOV/liS until
sparkover

FCC Docket 19528 • Metallic Communications equipment
- 10/56011S 800VpEAK
- 100A short-circuit current

• Longitudinal
- 10/16011S 1500VpEAK
- 200A short-circuit current

FCC Section 68.302 ·2/10J.ls 2500VpEAK Line-powered communication equip-
Title 47, Telecommunications - 1OOOAshort-circuit capability ment

Rural Electrification Administration • 10/1OOOJ.lsvoltage 3cr of Protector level Telephone electronics
Spec. PE-60 • 1OOV/J.lSrise

Nuclear Electromagnetic Pulse • Rectangular pulse 3ns to 10J.ls 0.1At01000A Evaluation of components
(NEMP) • Damped sinewave 101 Hz to 1.0A to 100A

103Hz

NASA Space Shuttle • Damped sinewave 125kHz Eoc - 50V Space shuttle electronics
• Unidirectional Isc -10A

- 2/1OOlis Eoc - 50V
- 300/6OO11S Isc -10A

Eoc - 0.5V
Isc - 5A

MIL-STD-704 • Envelope specified, max. 600VPEAK Military aircraft power
duration 50J.ls

ANSI/IEEE Std. • 8/20J.ls current From manufacturer's Suppressors for low voltage AC circuits,
C62.33-1982 • 10/1OOOJ.lscurrent specifications electronic equipment
Test Specification for Varistor Surge
Protective Devices

IEEE Std. P465.4/FD • 8/20J.ls current From manufacturer's Suppressors for electronic equipment
Test Specifications for Avalanche • 10/1OOOJ.lscurrent specifications
Junction Semiconductor Surge
Protective Devices

UL1449 • 1.2/50J.ls voltage 6kV Suppressors for low voltage AC circuits
Transient Voltage Surge Suppressors • 8.20J.ls current 125A to 3kA depen-

dent on location



A proposal also has been made to promote a transient con-
trollevel conceptl7] whereby a few selected test waves could
be chosen by common agreement between users and man-
ufacturers. The intent being that standard test waves would
establish certain performance criteria for electronic circuits,
without resorting to a multiplicity of test waves, each
attempting to simulate a particular environment.

Source Impedance

The effective impedance of the circuit which introduces the
transient is an extremely important parameter in designing a
protective scheme. Impedance determines the energy and
current-handling requirements of the protective device.

Historically, the approach to transient withstand capability
was to apply a voltage wave to a device and to ascertain that
no breakdown occurred. Typically, the device offered high
impedance to the impulse, so that no significant current
would flow (unless breakdown occurred), and the source
impedance was unimportant. But if a transient suppressor is
applied, especially a suppressor of the energy-absorbing
type, the transient energy is then shared by the suppressor
and the rest of the circuit, which can be described as the
"source".

As in the case of waveshapes, various proposals have been
made for standardizing source impedances. The following
list summarizes the various proposals intended for AC
power lines:

1. The Surge Withstand Capability (SWC) standard speci-
fied a 150n source.

2. The Ground Fault (UL-GFCI) standard is son source.IB]
3. The Transient Control Level (TCL) proposals of Martzloff

et a117]include a son resistor in parallel with a 50llH
inductor.

4. The installation category concept of ANSI/IEEE Standard
C62.41-1980 implies a range of impedances from 1n to
son as the location goes from outside to inside.

5. The FCC regulation for line-connected telecommunication
equipment implies a 2.5n source impedance.19] However,
the requirement of the FCC is aimed at ensuring a
permanent "burning" of a dielectric puncture and does not
necessarily imply that the actual source impedance in the
real circuits is 2.5n.

6. Reported measurements110] indicate the preponderance of
the inductance in branch circuits. Typical values are IlH
per meter of conductors.

7. There is no agreement among the above proposals on a
specific source impedance. Examining the numbers clos-
er, one can observ~ that there is a variance between
2.5n to abou1 son. Going back to ANSI/IEEE Standard
C62.41-1980 by using the OCV (open circuit voltage) and
SCI (short circuit current) for the different location catego-
ries, one can calculate a source impedance.

Any practical power circuit will always have some finite
impedance due to the resistance and inductance of the
power line and distribution transformer. Figure 15 shows
representations of the surge source impedance implied in
the environment description of ANSI/IEEE C62.41-1980.

Category A Ring Wave 6kV/200A = 300

Category B Ring Wave 6kV/500A = 120

Category B Impulse 6kV/3kA= 20

Category C Impulse 10kV/10kA = 10

NOTE: IEEE categories A, Band C are defined in Section 9.

FIGURE 15. SOURCEIMPEDANCEAT DIFFERENTLOCATION
CATEGORIES IN LOW VOLTAGE AC SYSTEMS
(UP TO 1000V)

The impedance of industrial or commercial systems gener-
ally supplied by underground entrances, or a separate sub-
station of relatively large kVA rating, tends to be low, and the
injection of any lightning transients occurs at a remote point.
This results in lower transient peaks than those that can be
expected in residential circuits, but the energy involved may
be, in fact, greater. Therefore, transient suppressors
intended for industrial use should have greater energy-han-
dling capability than the suppressors recommended for line-
cord-powered appliances.

Clearly, the industry standards have not been able to agree
on a single value of the source impedance, for several
reasons. When a transient suppressor is being selected for a
particular application, there is a need for engineering
judgment based on a knowledge of the function, and the
capability of the device.
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Surgector Product Selection Guide

VzMIN Veo MAX ITSM ITSM IH PACKAGE
PART NUMBER FUNCTION (V) (100VlIl5) (1 x 2115) (10 x 1000115) (mA) STYLE

SGT10S10 (Note 1) VAR Clamp 100 Note 1 300 100 > 100 A

SGT27S10 (Note 1) VAR Clamp 270 Note 1 300 100 > 100 A

SGT27S23 (Note 1) VAR Clamp 270 Note 1 300 100 > 230 A

SGT03U13 Uni-Directional 30 <50 300 100 > 130 B

SGT06U13 Uni-Dlrectional 60 <85 300 100 > 130 B

SGT23U13 Uni-Directional 230 <275 300 100 > 130 B

SGT21B13 Bi-Directional 210 270 300 100 >130 B

SGT21B13A Bi-Directional 210 290 300 100 >130 B

SGT22B13 Bi-Directional 220 280 300 100 >130 B

SGT22B13A Bi-Directional 220 290 300 100 >130 B

SGT23B13 Bi-Directional 230 290 300 100 >130 B

SGT23B13A Bi-Directional 230 315 300 100 >130 B

SGT27B13 Bi-Directional 270 345 300 100 >130 B

SGT27B13A Bi-Directional 270 360 300 100 >130 B

SGT27B13B Bi-Directional 270 375 300 100 >130 B

SGT27B27 Bi-Directional 270 345 600 200 >270 B

SGT27B27A Bi-Directional 270 360 600 200 >270 B

SGT27B27B Bi-Directional 270 375 600 200 >270 B

NOTES:

1. Dependent on trigger circuit.

2. All surgectors supplied in modified JEDEC TO-202 Package
Package Style A = 3 lead version
Package Style B = 2 lead version

3. All devices UL recognized to 497B - File Number E135010.

Nomenclature, Packages, and Shipping
The SURGECTOR type numbers are easy to interpret. The
first three characters - the letter "SGT" - stand for
SURGECTOR. Next comes two digits, which represent the
maximum off-state voltage divided by 10. Following the
voltage is a letter indicating either SCR (S), Unidirectional
(U), or Bidirectional (B). The next two digits indicate holding
current in milliamps divided by 10.

All versions of the SURGECTOR are housed in a modified
TO-202 versatab plastic package. This is a single-in-Iine
package, meaning that all leads come out of the same end
and are parallel to one another. The advantage of
single-in-line packaging is that it makes the SURGECTOR
easy to insert into a circuit board or socket by
automated methods.

SURGECTOR devices are shipped to the customer either in
bulk or on plastic "sticks· designed for automated machinery
handling. The sticks are rectangular tubes that hold 50
SURGECTOR devices each.

Holding current in
milliamps divided by 10

Type of SURGECTOR:
U = Unidirectional
B = Bidirectional
S = SCR

Off-State Voltage Rating
divided by 10

SURGECTOR



HARRIS
SEMICONDUCTOR

SGT03U13, SGT06U13,
SGT23U13

Unidirectional Transient Surge Suppressors
(SURGECTORTM)

• Clamping Voltages: 33V, GOV, or • Telecommunications Equipment
230V

ANODE

~CATHODE

ANOD~

• Peak Transient Surge Current:
300A

• Computer Modems

• Alarm Systems
• Minimum Holding Current: 130mA

• Subnanosecond Clamping Action

• Low On-State Voltage

• UL Recognized File #E135010 to
STD 497B

These SURGECTOR devices are designed to protect tele-
communication equipment, data links, alarm systems, power
supplies and other sensitive electrical circuits from damage
by switching transients, lightning strikes, load changes, com-
mutation spikes and line crosses.

These SURGECTOR devices are monolithic compound
structures consisting of a thyristor whose gate region con-
tains a special diffused section which acts as a zener diode.

This zener diode section permits anode voltage turn-on of
the structure. Initial clamping by the zener diode section and
fast turn-on by the thyristor, provide excellent voltage limiting
even on very fast rise time transients. The thyristor also fea-
tures very high holding current allowing the SURGECTOR to
recover to its high impedance off state after a transient. The
SURGECTOR device's normal off-state condition in the for-
ward blocking mode is a high impedance, low leakage state
that prevents loading of the line.

Continuous Off State Voltage:
VOM··········································•· .

VRM························ •

Transient Peak Surge Current: .
111Sx 211S(Note 1)
811Sx 2011S
1OilS x 56011S
1OilSx 100011S. . . . . . . . . . . . . . . . . . .
One Half Cycle 50Hz to 60Hz (Note 2)
One Second 50Hz to 60Hz. Halfwave

Operating Temperature (TA).

Storage Temperature Range (TSTG) .

NOTES:

1. Unit designed not to fail open below: 450A
2. One every 30s maximum.

SGT03U13 SGT06U13 SGT23U13 UNITS a:(/)
O~

30 58 225 V
~O
0:::l

1 1 1 V WeC'oa: a:
300 300 300 A ~c.
200 200 200 A
125 125 125 A
100 100 100 A
60 60 60 A
30 30 30 A

-40°C to +850C °c

-40°C to +150°C °c

rfl\
~

~

~

~

~

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1995



PARAMETER

Off-State Current

SYMBOL

10M

TEST
CONDITIONS

Maximum Rated VOM
TA = +250C
TA = +850C

VRM = 1V
TA = +25°C
TA = +850C

Iz = 100~AClamping Voltage
SGT03U13
SGT06U13
SGT23U13

Breakover Voltage
SGT03U13
SGT06U13
SGT23U13

Holding Current

On-State Voltage

Main Terminal Capacitance

1.5 '--""T'"--,r---r-"""T"-~"""T'"--,--r-~-~"""T'"......,r--.,I I I I I
11.4 P'od--if-+--+-i-+-i- IT(INITIAL) = 2A -
!Z 1.3 t'\...
~ 1.2 "
(.) '"
~ 1.1
o5 1.0
:<:
fiJ 0.9
N::;
~ 0.8

15 0.7 t-+-if-+--+-i-+-i-+--t-+-+-It--i
z

0.6 '-- ...•••-L_.L...- ...•.....-L_.L...- ...•.....-L_.L...--L--L_.L...-..J
·40 ·30 ·20 ·10 0 10 20 30 40 50 60 70 80 90

AMBIENTTEMPERATURE(DC)

FIGURE 3. TYPICAL HOLDING CURRENT vs TEMPERATURE

SGT10S10

MIN TYP MAX UNITS

50 nA
10 ~A

1 mA
10 mA

33 V
60 V

230 V

50 V
85 V

275 V

130 mA

2 V

90 pF

-
SGT23U13

275

250

225

~ 200
LU
Cl 175
~
0 150
>
Clz 125
;;:~ 100«..J
(.) 75

50

SGT06U13

I I It-+-i-+--+-t SGT03U13

25
·40 -30 ·20 ·10 0 10 20 30 40 50 60 70 80 90

AMBIENTTEMPERATURE(DC)

FIGURE 2. TYPICAL CLAMPING VOLTAGE vs TEMPERATURE

275

250

~ 225
LU 200Cl

~ 175
0
> 150a:
LU
> 1250
><« 100LUa:
Ol 75

50

25
10

SGT06U13
I I I

SGT03U13
I I

100 1,000
RATEOF RISEOF VOLTAGE(V/~s)

FIGURE 4. TYPICAL Vea vs dv/dt



Terms and Symbols
VOM (Maximum Off-State Voltage) - Maximum off-state volt-
age (DC or peak) which may be applied continuously.

VRM (Maximum Reverse Voltage) - Maximum reverse- block-
ing voltage (DC or peak) which may be applied.

ITSM (Maximum Peak Surge Current) - Maximum nonrepeti-
tive current which may be allowed to flow for the time state.

TA (Ambient Operating Temperature) - Ambient temperature
range permitted during operation in a circuit.

T STG (Storage Temperature) - Temperature range permitted
during storage.

10M (Off-State Current) - Maximum value of off-state current
that results from the application of the maximum off-state
voltage (VOM)'

IRM (Reverse Current) - Maximum value of reverse current
that results from the application of the maximum reverse
voltage (VRM).

Vz (Clamping Voltage) - off-state voltage at a specified cur-
rent.

Vso (Breakdown Voltage) - voltage at which the device
switches from the off-state to the on-state.

IH (Holding Current) - Minimum on-state current that will hold
the device in the on-state after it has been latched on.

VT (On-State Voltage) - Voltage across the main terminals
for a specified on-state current.

Co (Main Terminal Capacitance) - Capacitance between the
main terminals at a specified off-state voltage.

TO·202 Modified
2 LEADJEDEC STYLE TO-202 SHORT TAB PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.130 0.150 3.31 3.81

b 0.024 0.028 0.61 0.71 2,3

b1 0.045 0.055 1.15 1.39 1,2,3

b2 0.270 0.280 6.86 7.11

c 0.018 0.022 0.46 0.55 1,2,3

0 0.320 0.340 8.13 8.63

E 0.340 0.360 8.64 9.14

e1 0.200 SSC 5.08 BSC 4

H1 0.080 0.100 2.04 2.54

J1 0.039 0.049 1.00 1.24 5

L 0.410 0.440 10.42 11.17

L1 0.080 0.100 2.04 2.54 1

NOTES:
1. Lead dimension and finish uncontrolled in L1.
2. Lead dimension (without solder).
3. Add typically 0.002 inches (0.05mm) for solder coating.
4. Position of lead to be measured 0.250 inches (6.35mm) from bottom

of dimension D.
5. Position of lead to be measured 0.100 inches (2.54mm) from bottom

of dimension D.
6. Controlling dimension: Inch.
7. Revision 3 dated 10-94.

a:(J)
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HARRIS
SEMICONDUCTOR

SGT10S10,
SGT27S10

Gate Controlled Unidirectional Transient
Surge Suppressors

• Blocking Voltage 100V and 270V

• Peak Transient Surge Current
300A

• Minimum Holding Current 100mA

• Sub nanosecond Clamping Action

• Low On-State Voltage

• UL Recognized File # E135010 to
STD 497B

• Telecommunications Equipment

• Data and Voice Lines

• Computer Modems

• Alarm Systems

SURGECTOR transient surge protectors are designed to
protect telecommunication equipment, data links, alarm sys-
tems, power supplies, and other sensitive electrical circuits
from damage that could be caused by switching transients,
lightning strikes, load changes, commutation spikes, and line
crosses.

tor, they provide excellent voltage limiting even on very fast
rise time transients. The high holding current allows this
SURGECTOR to return to its high impedance off state after
a transient.

These devices are fast turn-on, high holding current thyris-
tors. When coupled with a user supplied voltage level detec-

The SURGECTOR device's normal off-state condition in the
forward blocking mode is a high impedance, low leakage
state that prevents loading of the line.

Continuous Off State Voltage:
VOM" . ..•••.•.•.
VRM·· ....................••.•.•••••••.•.••••••••.•••••••.•••••••.

Transient Peak Surge Current:. . .••....•...•...•....•...••..•.
1~s x 2~s (Note 1) .......................•......
8~s x 20~s . . . . . . . . . • . . .
1O~s x 560~s . .........•...••...•...•....•...
1O~s x 1000~s ..............•...... , ....•........•....•.
One Half Cycle. 1 every 30s .
One Second. Halfwave ...

Operating Temperature (TAl.

Storage Temperature Range (TSTG) ...

NOTE: 1. Unit designed not to fail open below 450A.

SGT10S10 SGT27S10 UNITS

100 270 V
1 1 V

300 300 A
200 200 A
125 125 A
100 100 A
60 60 A
30 30 A

-40°C to +85°C °c

-40°C to +150°C °c

G

m
~

G~-?f
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1995
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VOM~ 100V
TA ~ +2SoC
TA ~ +8SoC

VOM~ 270V
TA ~ +2SoC
TA ~ +8SoC

VRM~ 1V
TA ~ +2SoC
TA ~ +8SoC

dv/dt ~ 100VlllS
(Note 1)

Main Terminal
Capacitance

VOM~OV
VOM~ SOVat 1MHz

NOTE:

1. External zener diode from anode to gate: GOV(SGT10S10); 270V (SGT27S10).

~ 1.4

S 1.3 "!Z
w
~ 1.2
::>o
ffi 1.1
CJ
CJ
IE 1.0...
w
~ 0.9
CJ
o:!:l 0.8
::;
""~ 0.7
II:o
z 0.6

-40 ·30 ·20 ·10 0 10 20 30 40 50 60 70 80 90

I I I
Vo=30V _

AMBIENT TEMPERATURE (OC)

FIGURE 2. NORMALIZED GATE-TRIGGER CURRENT vs
TEMPERATURE
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1.5

C 1.4.§.

liE 1.3
wa::a:: 1.2:l
0
Cl 1.1z
C..J

1.00
:I:
Q 0.9w
~c 0.8::Ea::
0 0.7z

"'"
I I I I I

Ir (INITIAL) = 2A -
\..

~

" ••••••
•..•. ......

...••
~ ~

1.50

C.§.
...

1.25zwa::a:::l
0
Clz 1.00
C..J
0
:I:
Q
w
~ 0.75
c::Ea::
0z

EXTERNAL ZENER DIODE FROM ANODE TO GATE

60V (SGT10S10); 270V (SGT27S10)

--
0.6

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

AMBIENT TEMPERATURE (·C)

FIGURE 3. NORMALIZED HOLDING CURRENT vs
TEMPERATURE

0.50

10 100 1,000

RATE OF RISE OF VOLTAGE (V1~s)

FIGURE 4. NORMALIZED Veo VB dv/dt

Terms and Symbols
VOM (Maximum Off-State Voltage) - Maximum off-state volt-
age (DC or peak) which may be applied continuously.

VRM (Maximum Reverse Voltage) - Maximum reverse-block-
ing voltage (DC or peak) which may be applied.

ITSM (Maximum Peak Surge Current) - Maximum nonrepeti-
tive current which may be allowed to flow for the time state.

TA (Ambient Operating Temperature) - Ambient temperature
range permitted during operation in a circuit.

TSTG (Storage Temperature) - Temperature range permitted
during storage.

10M (Off-State Current) - Maximum value of off-state current
that results from the application of the maximum off-state
voltage (VOM)'

IRM (Reverse Current) - Maximum value of reverse current
that results from the application of the maximum reverse
voltage (VRM).

IH (Holding Current) - Minimum on-state current that will hold
the device in the on-state after it has been latched on.

VT (On-State Voltage) - Voltage across the main terminals
for a specified on-state current.

IGT (Gate-Trigger Current) - Minimum gate current which will
cause the device to switch from the off-state to the on-state.

Co (Main Terminal Capacitance) - Capacitance between the
main terminals at a specified off-state voltage.



Packaging
TO-202 Modified

ACTIVEELEMENT
3 lEAD JEDEC STYLE TO-202 SHORT TAB PLASTIC PACKAGEr- b2;--.l rjl INCHES MilliMETERS

GI .' H,
SYMBOL MIN MAX MIN MAX NOTES

A 0.130 0.150 3.31 3.81

o t b 0.024 0.028 0.61 0.71 2,3

h b, 0.045 0.055 1.15 1.39 1,2,3

b2 0.270 0.280 6.86 7.11

I
I~

I~bl
c 0.018 0.022 0.46 0.55 1,2,3

D 0.320 0.340 8.13 8.63

E 0.340 0.360 8.64 9.14L:'--I I
0.100TYP 2.54 TYP 4e

c_
0.200 SSC 5.08 BSC

~ LJ'
e, 4

1 2 3 H, 0.080 0.100 2.04 2.54- e - J, 0.039 0.049 1.00 1.24 5

I--- e, - L 0.410 0.440 10.42 11.17

L, 0.080 0.100 2.04 2.54 1

f1 NOTES:

(
1. Lead dimension and finish uncontrolled in L,.

o oj 2. Lead dimension (without solder).
0 3. Add typically 0.002 inches (0.05mm) for solder coating.

I--E-----l 4. Position of lead to be measured 0.250 inches (6.35mm) from bottom
of dimension D.

5. Position of lead to be measured 0.100 inches (2.54mm) from bottom
of dimension D.

6. Controlling dimension: Inch.
7. Revision 3 dated 10-94.

a:1J)0 •.."'0o~We
Cloa: a:
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SGT21813, SGT21813A, SGT22813,
SGT22813A, SGT23813, SGT23813A,
SGT27813, SGT27813A, SGT278138

Bidirectional Transient Surge Suppressors
(SURGECTORTM)

I-IARRIS
SEMICONDUCTOR

Features
• Clamping Voltage ..•••.. 210V, 220V,

230V and 270V

Applications
• Data and Communication Links

• Computer Modems

• Alarm Systems• Peak Transient Surge Current .. 300A

• Minimum Holding Current ... 130mA

• Continuous Protection

• Low On-State Voltage

• UL Recognized File #E135010 to
STD 4978

#~
MT2

Description
These SURGECTOR devices are designed to protect telecom·
munication equipment, data links, alarm systems, power sup-
plies and other sensitive electrical circuits from damage by
switching transients, lightning strikes, load changes, commuta-
tion spikes and line crosses.

Bidirectional SURGECTOR devices are constructed using two
monolithic compound chips each consisting of a thyristor whose
gate region contains a special diffused section which acts as a
zener diode. This chips are connected in anti parallel, providing
bidirectional protection. This zener diode section permits anode
voitage turn on of the structure.

Initial clamping by the zener diode section, and fast turn on
by the thyristor, provide excellent voltage limiting even on
very fast rise time transients. The thyristor also features very
high holding current, which allows the SURGECTOR to
recover to its high impedance off state after a transient.

All these devices are supplied in a 2 lead, modified TO·202
VERSATAB package.

Continuous Off State Voltage:
VOM'" ....•..•.••.

VAM······ .
Transient Peak Surge Current ITSM

1~s x 2~s (Note 1) .
8~s x 20~s .
1O~s x 560~s .
1O~s x 1000~s . .
One Half Cycle .. 50Hz to 60Hz (Note 2)
One Second 50Hz to 60Hz, Hallwave

Operating Temperature (TA) ...................•••

Storage Temperature Range (Tsm) .
NOTES:

1. Unit designed nollo fail open below: 450A.
2. One every 30s maximum.

SGT27B13
SGT21B13 SGT22B13 SGT23B13 SGT27B13A

SGT21B13A SGT22B13A SGT23B13A SGT27B13B UNITS

185 190 200 235 V
185 190 200 235 V

300 300 300 300 A
200 200 200 200 A
125 125 125 125 A
100 100 100 100 A
60 60 60 60 A
30 30 30 30 A

-40°C to +85OC -40°C to +85OC °c
-40°C to +150°C -40°C to +150°C °c

Equivalent Schematic Symbols

fff2
~1

~2

1:1 +1:1
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LC. Handling Procedures.

Copyright © Harris Corporation 1995



TEST
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Off-State Current 10M• lAM Maximum Rated YOM,VAM
TA = +25OC 200 nA
TA = +85°C 100 j.1A

Clamping Voltage Vz lz < 200j.1A
SGT21B13 210 250 V
SGT21B13A 210 270 V
SGT22B13 220 260 V
SGT22B13A 220 270 V
SGT23B13 230 270 V
SGT23B13A 230 295 V
SGT27B13 270 - 325 V
SGT27B13A 270 340 V
SGT27B13B 270 355 V

Breakover Voltage Veo dv/dt - 100V/j.1s
SGT21B13 270 V
SGT21B13A 290 V
SGT22B13 280 V
SGT22B13A 290 V
SGT23B13 290 V
SGT23B13A 315 V
SGT27B13 345 V
SGT27B13A 360 V
SGT27B13B 375 V

Holding Current IH 130 mA

On-State Voltage VT IT-10A 2 V

Main Terminal Capacitance Co VOM- VAM - 50V,
Frequency = 1MHz 50 - pF

VOM (Maximum Off-State Voltage) - Maximum off-state volt-
age (DC or peak) which may be applied continuously.

VRM (Maximum Reverse Voltage) - Maximum reverse-block-
ing voltage (DC or peak) which may be applied.

ITSM (Maximum Peak Surge Current) - Maximum nonrepeti-
tive current which may be allowed to flow for the time state.

TA (Ambient Operating Temperature) - Ambient temperature
range permitted during operation in a circuit.

T STG (Storage Temperature) - Temperature range permitted
during storage.

10M (Off-State Current) - Maximum value of off-state current
that results from the application of the maximum off-state
voltage (VOM)'

IRM (Reverse Current) - Maximum value of reverse current
that results from the application of the maximum reverse
voltage (VRM).

Vz (Clamping Voltage) - off-state voltage at a specified cur-
rent.

Vos (Breakdown Voltage) - voltage at which the device
switches from the off-state to the on-state.

IH (Holding Current) - Minimum on-state current that will hold
the device in the on-state after it has been latched on.

VT (On-State Voltage) - Voltage across the main terminals
for a specified on-state current.

Co (Main Terminal Capacitance) - Capacitance between the
main terminals at a specified off-state voltage.

a:cn01-1-(.)
(.)::lWe
"0a: a:
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FIGURE 1. TYPICAL VOLT-AMPERE CHARACTERISTICS FOR

ALL TYPES
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TO·202 Modified
2 LEAD JEDEC STYLE TO-202 SHORT TAB PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.130 0.150 3.31 3.81

b 0.024 0.028 0.61 0.71 2,3

b1 0.045 0.055 1.15 1.39 1,2,3

b2 0.270 0.280 6.86 7.11

c 0.018 0.022 0.46 0.55 1,2,3

D 0.320 0.340 8.13 8.63

E 0.340 0.360 8.64 9.14

e, 0.200 Bse 5.08 Bse 4

H1 0.080 0.100 2.04 2.54

J1 0.039 0.049 1.00 1.24 5

L 0.410 0.440 10.42 11.17

L1 0.080 0.100 2.04 2.54 1

NOTES:
1. Lead dimension and finish uncontrolled in L1.

2. Lead dimension (without solder).
3. Add typically 0.002 inches (0.05mm) for solder coating.
4. Position of lead to be measured 0.250 inches (6.35mm) from bottom

of dimension D.
5. Position of lead to be measured 0.100 inches (2.54mm) from bottom

of dimension D.
6. Controlling dimension: Inch.
7. Revision 3 dated 10-94.
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SGT27827,
SGT27827 A, SGT278278

Bidirectional Transient Surge Suppressors
March 1995 (SURGECTORTM)

HARRIS
SEMICONDUCTOR

MT2

~M"

MT2

• Clamping Voltage ..... 230V or 270V

• Peak Transient Surge Current GOOA

• Minimum Holding Current 270mA

• Continuous Protection

• Data and Communication Links

• Computer Modems

• Alarm Systems

• Low On-State Voltage

• UL Recognized File #E135010 to
STD 497B

Description
These SURGECTOR devices are designed to protect telecom-
munication equipment, data links, alarm systems, power sup-
plies and other sens~ive electrical circuits from damage by
switching transients, lightning strikes, load changes, commuta-
tion spikes and line crosses.

Bidirectional SURGECTOR devices are constructed using two
monol~hic compound chips each consisting of a thyristor whose
gate region contains a special diffused section which acts as a
zener diode. This chips are connected in anti parallel, providing
bidirectional protection. This zener diode section perm~s anode
vo~age tum on of the structure.

Initial clamping by the zener diode section, and fast turn on
by the thyristor, provide excellent voltage limiting even on
very fast rise time transients. The thyristor also features very
high holding current, which allows the SURGECTOR to
recover to its high impedance off state after a transient.

All these devices are supplied in a 2 lead, modified TO-202
VERSATAB package.

Continuous Off State Voltage:
VDM .
VAM .

Transient Peak Surge Current ..
1IlS x 21ls (Note 1) .. , .
81lSx 20llS .
1OilS x S60lls . .
10llS X 1000llS .. . _ .
One Half Cycle . . SOHz to 60Hz (Note 2)
One Second . . . . . . . . . . . . .. SOHz to 60Hz, Halfwave

Operating Temperature (TA) ...........•.

Storage Temperature Range (TSTG)
NOTES:

1. Unit designed not to fail open below: 900A.
2. One every 30s maximum.

600
400
2S0
200
60
30

-40°C to +8SoC
-40°C to +1S0oC

~2

~1

~2

~T1

-J;
1:1

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures.
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TEST LIMITS
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Off-State Current 10M, lAM Maximum Rated YOM,VAM
TA = +25OC 200 nA
TA = +85°C 100 ~A

Clamping Voltage Vz Iz < 200~A
SGT27B27 270 325 V
SGT27B27A 270 340 V
SGT27B27B 270 355 V

Breakover Voltage VBO dv/dt - 1OOV/~s
SGT27B27 345 V
SGT27B27A 360 V
SGT27B27B 375 V

Holding Current IH 270 mA

On-State Voltage VT IT-10A 2 V

Main Terminal Capacitance Co VOM- VAM - 50V.
Frequency = 1MHz 80 pF

Terms and Symbols
VOM (Maximum Off-State Voltage) - Maximum off-state volt-
age (DC or peak) which may be applied continuously.

VAM (Maximum Reverse Voltage) - Maximum reverse-block-
ing voltage (DC or peak) which may be applied.

ITSM (Maximum Peak Surge Current) - Maximum nonrepeti-
tive current which may be allowed to flow for the time state.

TA (Ambient Operating Temperature) - Ambient temperature
range permitted during operation in a circuit.

T STG (Storage Temperature) - Temperature range permitted
during storage.

10M (Off-State Current) - Maximum value of off-state current
that results from the application of the maximum off-state
voltage (VOM)'

lAM (Reverse Current) - Maximum value of reverse current
that results from the application of the maximum reverse
voltage (VAM).

Vz (Clamping Voltage) - off-state voltage at a specified cur-
rent.

Vas (Breakdown Voltage) - voltage at which the device
switches from the off-state to the on-state.

IH (Holding Current) - Minimum on-state current that will hold
the device in the on-state after it has been latched on.

VT (On-State Voltage) - Voltage across the main terminals
for a specified on-state current.

Co (Main Terminal Capacitance) - Capacitance between the
main terminals at a specified off-state voltage.
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V VOM

FIGURE 1. TYPICAL VOLT-AMPERE CHARACTERISTICS FOR
ALL TYPES
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Packaging

ACTIVEELEMENT TO-202 Modified

ib2--i-.1 ijl
2 LEAD JEDEC STYLE TO-202 SHORT TAB PLASTIC PACKAGE

INCHES MILLIMETERSGI 1/ H1
SYMBOL MIN MAX MIN MAX NOTES

A 0.130 0.150 3.31 3.81
o I t

b 0.024 0.028 0.61 0.71 2,3

it'l i~1
b1 0.045 0.055 1.15 1.39 1,2,3

b2 0.270 0.280 6.86 7.11
I-b, c 0.018 0.022 0.46 0.55 1,2,3

D 0.320 0.340 8.13 8.63j >-,- , E 0.340 0.360 8.64 9.14c __
e, 0.200 sse 5.08 sse 4

LJl

H1 0.080 0.100 2.04 2.54

1 2 --l J1 0.039 0.049 1.00 1.24 5

f..- el -- L 0.410 0.440 10.42 11.17

L1 0.080 0.100 2.04 2.54 1

~
NOTES:

(
1. Lead dimension and finish uncontrolled in L1•oj 2. Lead dimension (without solder).

0 3. Add typically 0.002 inches (0.05mm) for solder coating.

I--E-l 4. Position of lead to be measured 0.250 inches (6.35mm) from bottom
of dimension D.

5. Position of lead to be measured 0.100 inches (2.54mm) from bottom
of dimension D.

6. Controlling dimension: Inch.
7. Revision 3 dated 10-94.
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HARRIS
SEMICONDUCTOR SGT27S23

Gate Controlled Unidirectional Transient
March 1995 Surge Suppressor (SURGECTORTM)

• Blocking Voltage 270V
• Peak Transient Surge Current

300A
• Minimum Holding Current 230mA
• Subnanosecond Clamping Action
• Low On-State Voltage
• UL Recognize File # E135010 to

STD497B

• Telecommunications Equipment
• Data and Voice Lines
• Computer Modems
• Alarm Systems

SURGECTOR transient surge protectors are designed to
protect telecommunication equipment, data links, alarm sys-
tems, power supplies, and other sensitive electrical circuits
from damage that could be caused by switching transients,
lightning strikes, load changes, commutation spikes, and line
crosses.

rise time transients. The high holding current allows this
SURGECTOR to return to its high-impedance off state after
a transient.

These devices are fast turn-on, high holding current thyris-
tors. When coupled with a user supplied voltage level detec-
tor, they provide excellent voltage limiting even on very fast

The SURGECTOR device's normal off state condition in the
forward blocking mode is a high impedance, low leakage
state that prevents loading of the line.

The SGT27S23 is supplied in a 3 lead, modified, TO-202
package.

Continuous Off State Voltage:

VDM························•·········••·•···········••···••·••····•· •
VRM························•············•···•········•···•···•······· .

Transient Peak Surge Current: ....••...........••..••..••....•...•..•...•....... ITSM
1J.1sx 2J.1s (Note 1) .. . . . . . . . . . . . . . • . . .•...•...•..
8J.1sx 20J.ls ..............•...•........•...•...•............•...•...•........
10J.ls x 560J.ls .......•........•...•...•....•...•...•...•.........
10J.lS x 1000J.lS . . . . . . .•.... . . .. . . . . . ...•. . .
One Half Cycle. . . . . . . . . . ......•...•...•......... 50Hz to 60Hz (Note 2)
One Second . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . .. 50Hz to 60Hz, Halfwave

SGT27S23 UNITS

270 V
1 V

300 A
200 A
125 A
100 A
60 A
30 A

-40°C to +85OC °c

·40oC to + 150°C °c

Operating Temperature (TA) ...........•........•......••..••.......................

Storage Temperature Range (T STG) . . . . • . . .......•........•...•...•...

NOTES:

1. Unit designed not to fail open below: 450A.
2. One every 30s maximum.

Gi±\
~

G~

~
G+-aT

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications SGT27S23

Electrical Specifications At Case Temperature, Tc = +250C, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Off-State Current 10M VOM= 270V 100 nA
at Tc = +85OC 50 !iA

IRM VRM= 1V 1 mA
at Tc = +85OC 10 mA

Holding Current IH 230 mA

On-State Voltage VT IT= lOA 2 V

Gate Trigger Current IGT 175 mA

Main Terminal Capacitance Co VOM = OV, Freq = lMHz 90 pF
VOM= 50V 50 pF

C 1.6.s
!Zw 1.4a:a:
::>
0

1.2~
a:w
CJ ~,CJ~~
~ 1.0
CJ

..•.....,
Q

~ 0.8 ~
C

,
:Ii;
a:
0z 0.6

-40 ·20 0 20 40 60 80 100

AMBIENT TEMPERATURE (OC)

2.0

C 1.8.s
!Z 1.6w

"-
a:a:
::> 1.40

"-CJz 1.26 '"oJ
0:z: 1.0
Q ..........r--._w

~ 0.8
C
:Ii;
a: 0.60z

0.4
·40 ·20 0 20 40 60 80 100

AMBIENT TEMPERATURE ("C)

FIGURE 3. NORMAUZED HOLDING CURRENT vs
TEMPERATURE
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Terms and Symbols
VOM (Maximum Off-State Voltage) - Maximum off-state volt-
age (DC or peak) which may be applied continuously.

VRM (Maximum Reverse Voltage) - Maximum reverse- block-
ing voltage (DC or peak) which may be applied.

ITSM (Maximum Peak Surge Current) - Maximum nonrepeti-
tive current which may be allowed to flow for the time state.

TA (Ambient Operating Temperature) - Ambient temperature
range permitted during operation in a circuit.

T STG (Storage Temperature) - Temperature range permitted
during storage.

10M (Off-State Current) - Maximum value of off-state current
that results from the application of the maximum off-state
voltage (VOM).

IRM (Reverse Current) - Maximum value of reverse current
that results from the application of the maximum reverse
voltage (VRM).

IH (Holding Current) - Minimum on-state current that will hold
the device in the on-state after it has been latched on.

VT (On-State Voltage) - Voltage across the main terminals
for a specified on-state current.

IGT (Gate-Trigger Current) - Minimum gate current which will
cause the device to switch from the off-state to the on-state.

Co (Main Terminal Capacitance) - Capacitance between the
main terminals at a specified off-state voltage.

TO-202 Modified
3 LEAD JEDEC STYLE TO-202 SHORT TAB PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.130 0.150 3.31 3.81

b 0.024 0.028 0.61 0.71 2,3

b1 0.045 0.055 1.15 1.39 1,2,3

b2 0.270 0.280 6.86 7.11

c 0.018 0.022 0.46 0.55 1,2,3

D 0.320 0.340 8.13 8.63

E 0.340 0.360 8.64 9.14

e 0.100TYP 2.54 TYP 4

ej 0.200 SSC 5.08 SSC 4

Hj 0.080 0.100 2.04 2.54

J1 0.039 0.049 1.00 1.24 5

L 0.410 0.440 10.42 11.17

L1 0.080 0.100 2.04 2.54 1

NOTES:
1. Lead dimension and finish uncontrolled in L1.

2. Lead dimension (without solder).
3. Add typically 0.002 inches (0.05mm) for solder coating.
4. Position of lead to be measured 0.250 inches (6.35mm) from bottom

of dimension D.
5. Position of lead to be measured 0.100 inches (2.54mm) from bottom

of dimension D.
6. Controlling dimension: Inch.
7. Revision 3 dated 10-94.
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TURN-ON
PART VOLTAGE PROTECTION TEMPERATURE

NUMBER DESCRIPTION Vee THRESHOLD RANGE

SP710 Protected Power Switch with Transient 4V to 16V 16Vto 18.SV -40oe to +1osoe
Suppression

HIP1090 Protected High Side Power Switch with 4Vt016V 16V to 19V -40oe to +1osoe
Transient Suppression (Expandable)

SP720 Electronic Protection Array for ESD and 4.SV to 30V +VBE Above Vec or -40oe to +1osoe
Overvoltage Protection, 14 Inputs .VBE Below GND

SP721 Electronic Protection Array for ESD and 4.SV to 30V +VBE Above Vcc or -40oe to +1osoe
Overvoltage Protection, 6 Inputs -VBE Below GND



I-IARRIS
SEMICONDUCTOR

• ±90V Transient Suppression

• 4V to 16V Operating Voltage

• O.8A Current Load Capability

• Over-Voltage Shutdown Protected

• Short·Circuit Current Limiting

• Over-Temperature Protected Thermal Limiting
at 150°C (TJ)

• -40oC to +125°C Operating Temperature Range

• Transient Suppressor

• Over-Voltage Monitor

SP710
Protected Power Switch

with Transient Suppression

Description
The SP710 is a Power Integrated Circuit designed to
suppress potentially damaging over-voltage transients up to
±90V in amplitude. The device is designed to be operated in
a pass-thru mode which allows the current to flow through
the IC with minimal voltage drop. The protected load circuit
is connected to the output of the SP710. As such, the
protected power switch IC is designed to operate as a
transient suppressor which is capable of driving resistive,
inductive or lamp loads with minimum risk of damage under
stress conditions of over-voltage or over current. The SP710
is supplied in a 3 lead TO-220AB package.

TEMPERATURE
PART NUMBER RANGE PACKAGE

SP710AS -40°C to +125OC 3 Lead Plastic SIP

NOTE:
HEAT SINK TAB
INTERNALLY
CONNECTED
TO PIN2

V1N

1
(Vcc
OR

VOATT)

I I I
I I I

I I I

VOUT

3
(TO

LOAD)

2 VCOMMON

(GND)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures.

Copyright © Harris Corporation 1995
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Absolute Maximum Ratings
Input Voltage, V1N....
Load Current, lOUT'
Transient Max Voltage, V1N(15ms).

Thermal Resistance 9JA 9JC
Plastic SIP. . 50oC/W 4°C/W

Junction Temperature. . . . . . . 150°C
Ambient Operating Temperature -40°C to +125°C
Storage Temperature -40°C to +150°C
Lead Temperature (During Soldering). . . . . .. . 265°C
1/16in. ± 1/32in. (1.59mm ± 0.79mm) from case for 10s maximum

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

.. 24V
... aOOmA

. ±90V

NOTE: Po = (V1N- Vol (lo) + (VIN) (ICOMMON)
TJ = TA + (Po) (Thermal Resistance)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input Operating Voltage V1N 4 16 V

Shutdown Voltage VSHSO 16 1a.5 V

Shutdown Temperature 150 °C

Transient Pulse lOUT V1N= ±90V for 15ms Pin 3 = 14V, Pin 2 = GND -20 +20 mA

Short Circuit Current 1 2 A

VSAT(Input-to-Output) V1N= 4V, lOUT= 175mA 0.25 V

V1N= 9V, lOUT= 500mA 0.65 V

V1N= 16V, lOUT= aOOmA 1.05 V

Common Current 'COM V1N= 16V, lOUT= 100mA 25 mA

V1N= 16V, lOUT= aOOmA 50 mA

I

VOUT I TO OTHER
LIGHTS AND
INSTRUMENTS

VCOMMON
(GND)----------------------- ---------

2



Lead No. 1 - Gate
Lead No.2 - Collector
Lead No.3 - Emitter
Mounting Flange - Collector

TO-220AB
3 LEAD JEDEC TO-220AB PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.170 0.180 4.32 4.57

A1 0.048 0.052 1.22 1.32

b 0.030 0.034 0.77 0.86 3,4

b1 0.045 0.055 1.15 1.39 2,3

c 0.014 0.019 0.36 0.48 2,3,4

D 0.590 0.610 14.99 15.49

D1 0.160 4.06

E 0.395 0.410 10.04 10.41

E1 0.030 0.76

e 0.100 TYP 2.54 TYP 5

el 0.200 BSC 5.08 BSC 5

H1 0.235 0.255 5.97 6.47

Jj 0.100 0.110 2.54 2.79 6

L 0.530 0.550 13.47 13.97

L1 0.130 0.150 3.31 3.81 2

0P 0.149 0.153 3.79 3.88

Q 0.102 0.112 2.60 2.84

NOTES:
1. These dimensions are within allowable dimensions of Rev. J of

JEDEC TO-220AB outline dated 3-24-87.
2. Lead dimension and finish uncontrolled in L1.

3. Lead dimension (without solder).
4. Add typically 0.002 inches (0.05mm) for solder coating.
5. Position of lead to be measured 0.250 inches (6.35mm) from bot-

tom of dimension D.
6. Position of lead to be measured 0.100 inches (2.54mm) from bot-

tom of dimension D.
7. Controlling dimension: Inch.
8. Revision 1 dated 1-93.
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HARRIS
SEMICONDUCTOR

• ±2A Peak Current Capability

• Single-Ended Voltage Range to . . . • . . • • • • • • •. +3SV

• Differential Voltage Range to +17.SV

• Designed to Provide Over-Voltage Protection

• Fast Switching 6ns Rlsetime

• Low Input Leakages of 1nA at +2SoC Typical

• Low Input Capacitance of 3pF Typical

• An Array of 14 SCRlDiode Pairs

• Proven Interface for ESD

• Operating Temperature Range -40oC to +10SoC

• MicroprocessorlLogic Input Protection

• Data Bus Protection

• Analog Device Input Protection

• Voltage Clamp

SP720
Electronic Protection Array for

ESO and Over-Voltage Protection

Description
The SP720 is an array of SCA/Diode bipolar structures for
ESD and over-voltage protection to sensitive input circuits.
The SP720 has 2 protection SCA/Diode device structures
per input. A total of 14 available inputs can be used to
protect up to 14 external signal or bus lines. Over-voltage
protection is from the IN (pins 1-7 and 9-15) to V+ or V-. The
SCR structures are designed for fast triggering at a
threshold of one +VSE diode threshold above V+ (Pin 16) or
a -VSE diode threshold below V- (Pin 8). From an IN input, a
c1arnpto V+ is activated if a transient pulse causes the input
to be increased to a voltage level greater than one VSE
above V+. A similar clamp to V- is activated if a negative
pulse, one VSE less than V-, is applied to an IN input.

Refer to Application Note AN9304 for further information

PART NUMBER TEMPERATURE PACKAGE

SP720AP -40oe to +1osoe 16 Lead Plastic DIP

SP720AB -40oe to +1osoe 16 Lead Plastic sOle (N)

SP720ABT -40oe to +1osoe 16 Lead Plastic sOle
Tape and Reel

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Absolute Maximum Ratings

Continuous Supply Voltage. (V+) - (V-)
Input Peak Current, IIN . . .
Transient Ratings - See Note 2. Figure 1. Table 1

Thermal Resistance
16 Lead PDIP Package.
16 Lead SOIC Package

Maximum Package Power Dissipation at +105°C
Plastic DIP Package. . 500mW
Plastic SOIC Package . . . . . . . . . . . . . . . 270mW

Storage Temperature Range. . . . . . . . . . • . . . -65°C to +150°C
Junction Temperature. . . . . . . . . . . . . . • . . . . ..... +150°C
Lead Temperature (Soldering 10s) . +2650C

6JA

900CIW
1700CfW

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Operating Voltage Range, VSUPPLY 4.5 to 30 V

VSUPPLY= [(V+) - (V-)]

Forward Voltage Drop: I'N = 1A (Peak Pulse)
IN to V- VFWDL 2 V
INtoV+ VFWDH 2 V

Input Leakage Current I'N -20 5 20 nA

Quiescent Supply Current IQUIESCENT 50 200 nA

Equivalent SCR ON Threshold Note 3 1.1 V

Equivalent SCR ON Resistance VFwolIFwD: Note 3 1 fl

Input Capacitance C,N 3 pF

Input Switching Speed teN 6 ns

NOTES:

1. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery.
When the V+ and V- pins are connected to the same supply voltage source as the device or control line under protection, a current limiting
resistor should be connected in series between the supply and the SP720 pins to limit reverse battery current to within the rated maximum
limits. Bypass capacitors of typically 0.01~F or larger from the V+ and V- pins to 'ground are recommended.

2. For ESD testing of the SP720 to MIL-STD-3015.7 Human Body Model (HBM), the results are typically better than 6kV (Condfition 1)
(Figure 1. Table 1). Transient and ESD testing capability is highly dependent on the application. For conditions that are defined as an in-
circuit method of ESD testing where the V+ and V- pins have a return path to ground, the ESD capability is typically greater than 15kV
from 100pF through 1.5kfl (Condition 2). For ESD testing of the SP720 to EIAJIC121 Machine Model (MM) standard, the results are
typically better than 1kV (Condition 4). These values were measured by AT&T ESD Lab using the component testing procedures of both
standards., Additional ESD testing for 200pF through 1.5kfl with 6ns risetime was done with results better than 9kV (Condition 3).

3. Refer to the Figure 3 graph for definitions of equivalent "SCR ON Threshold" and "SCR ON Resistance." These characteristics are given
here for thumb-rule information to determine peak current and dissipation under EOS conditions.

TEST ±Vo Ro Co

Condition 1 6kV 1.5kfl 100pF (HBM)

Condition 2 15kV 1.5kfl 100pF (Mod.
HBM)

Condition 3 9kV 1.5kfl 200pF (Mod.
HBM)

Condition 4 1kV Okfl 200pF (MM)

I ~
H.V. CD IN

SUPPLY OUT±VO

_L...

FIGURE 1. ELECTROSTATIC DISCHARGE TEST
MIL-STD-883D, METHOD 3015.7
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SP720 INPUT
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FIGURE 4. TYPICAL APPLICATION OFTHE SP720 AS AN INPUT CLAMP FOR OVER-VOLTAGE, GREATER THAN 1VBE ABOVE V+
OR LESS THAN -1VBE BELOW V-



NOTES:

1. Controlling Dimensions: INCH. In case of conflict between
English and Metric dimensions, the inch dimensions control.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Symbols are defined in the "MO Series Symbol Lisf in Section
2.2 of Publication No. 95.

4. Dimensions A, A1 and L are measured with the package seated
in JEDEC seating piane gauge GS-3.

5. 0,01, and E1 dimensions do not include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 inch
(0.25mm).

6. E and re:J are measured with the leads constrained to be per-
pendic0T?rto datum~.

7. eB and ec are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3,
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch
(0.76 -1.14mm).

E16.3 (JEDEC MS.Q01-BB ISSUE D)
16 LEAD DUAL-IN-L1NE PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.210 5.33 4

A1 0.D15 0.39 4

A2 0.115 0.195 2.93 4.95

B 0.014 0.022 0.356 0.558

B1 0.045 0.070 1.15 1.77 8,10

C 0.008 0.014 0.204 0.355 -
0 0.735 0.775 18.66 19.68 5

01 0.005 0.13 5

E 0.300 0.325 7.62 8.25 6

E1 0.240 0.280 6.10 7.11 5

e 0.100 BSe 2.54 BSC

eA 0.300 BSC 7.62 BSC 6

eB I 0.430 10.92 7

L 0.115 I 0.150 2.93 3.81 4

N 16 16 9
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f-B- 0---1 1r- h x 45°

~MEl1 1jf ~L--T~'" , CJ:~ 1-- 1010.10(0.004) 1
1+10.25(0.010) ®I C IA®I B®I

NOTES:

1. Symbols are defined in the "MO Series Symbol List" in Section
2.2 of Publication Number 95.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Dimension "D" does not include mold flash, protrusions or gate
burrs. Mold flash, protrusion and gate burrs shall not exceed
0.15mm (0.006 inch) per side.

4. Dimension "E" does not include interlead flash or protrusions. In-
terlead flash and protrusions shall not exceed 0.25mm (0.010
inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual
index feature must be located within the crosshatched area.

6. "l" is the length of terminal for soldering to a substrate.

7. "N" is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9. The lead width "B", as measured 0.36mm (0.014 inch) or greater
above the seating plane, shall not exceed a maximum value of
0.61mm (0.024 inch)

10. Controlling dimension: MilLIMETER. Converted inch dimen-
sions are not necessarily exact.

INCHES MilLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.0532 0.0688 1.35 1.75

A1 0.0040 0.0098 0.10 0.25

B 0.013 0.020 0.33 0.51 9

C 0.0075 0.0098 0.19 0.25

D 0.3859 0.3937 9.80 10.00 3

E 0.1497 0.1574 3.80 4.00 4

e 0.050 BSC 1.27 BSC

H 0.2284 0.2440 5.80 6.20

h 0.0099 0.0196 025 0.50 5

l 0.016 0.050 0.40 1.27 6

N 16 16 7

a 0° 8° 0° I 8°



HARRIS
SEMICONDUCTOR

• ±2A Peak Current Capability

• Single-Ended Voltage Range .••........... to +3SV

• Differential Voltage Range to ±17.SV

• Designed to Provide Over-Voltage Protection

• Fast Switching 6ns Risetime

• Low Input Leakages of 1nA at +2SoC Typical

• Low Input Capacitance of 3pF Typical

• An Array of 6 SCRJDiode Pairs

• Proven Interface for ESD

• Operating Temperature Range -40oC to +1OSoC

• MicroprocessorlLogic Input Protection

• Data Bus Protection

• Analog Device Input Protection

• Voltage Clamp

SP721
Electronic Protection Array

for ESO and Over-Voltage Protection

Description
The SP721 is an array of SCA/Diode biploar structures for
ESD and over·voltage protection to sensitive input circuits.
The SP721 has 2 protection SCA/Diode device structures
per input. There are a total of 6 available inputs that can be
used to protect up to 6 external signal or bus lines. Over-
voltage protection is from the IN (Pins 1 - 3 and Pins 5 - 7) to
V+orV-.

The SCA structures are designed for fast triggering at a
threshold of one +VBE diode threshold above V+ (Pin 8) or a
-VBE diode threshold below V- (Pin 4). From an IN input, a
clamp to V+ is activated if a transient pulse causes the input
to be increased to a voltage level greater than one VBE
above V+. A similar clamp to V- is activated if a negative
pulse, one VBE less than V-, is applied to an IN input.

Further information is available in Application Note AN9304.
AN9304 applies to both the SP720 and SP721.

TEMPERATURE
PART NUMBER RANGE PACKAGE

SP721AP -4ooe to +1osoe 8 Lead Plastic 0 IP

SP721AB -40oe to +1osoe 8 Lead Plastic sOle (N)

SP721ABT -4ooe to +1osoe 8 Lead Plastic sOle
Tape and Reel

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures.

Copyright © Harris Corporation 1995
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Absolute Maximum Ratings Thermal Information
Continuous Supply Voltage, (V+) - (V-) .... .... ... ....... +3SV Thermal Resistance, . ...... ...... ... ......... 6JA

Input Peak Current, IIN ...... ..... ..... ..... . ....... ... ±2A 8 Lead DIP Package ...... . . . . . . . . . . . .. . . . . . 1300CIW
ESD Transient Ratings - See Note 2, Figure 1, Table 1 8 Lead SOIC Package .. ......... ... ......... 1700CIW

Maximum Package Power Dissipation
8 Lead Plastic DIP Package, Up to +10SoC ........... 3S0mW
8 Lead Plastic SOIC Package, Up to +10SoC ......... 270mW

Storage Temperature Range . ... ............ -6SoC to +lS00C
Junction Temperature .............................. +lS00C
Lead Temperature (Soldering 10s) .................... +26SoC

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only raling and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications TA = -40°C to +10SoC, V1N= O.SVcc Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Operating Voltage Range, VSUPPLY 4.S to 30 V
VSUPPLY= I(V+) - (V-)] ,

Forward Voltage Drop - V
INtoV- VFWDL IIN= 1A (Peak Pulse) 2
IN toV+ VFWDH 2

Input Leakage Current IIN -20 S +20 nA

Quiescent Supply Current IQUIESCENT SO 200 nA

Equivalent SCR ON Threshold Note 3 1.1 V

Equivalent SCR ON Resistance VFWD/IFWD; Note 3 1 n

Input Capacitance 91N 3 pF

Input Switching Speed !eN 6 ns

NOTES:

1. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery.
When the V+ and V- Pins are connected to the same supply voltage source as the device or control line under protection, a current limiting
resistor should be connected in series between the external supply and the SP721 supply pins to limit reverse battery current to within
the rated maximum limits. Bypass capacitors of typically O.Ol11For larger from the V+ and V- Pins to ground are recommended.

2. For ESD testing of the SP721 to MIL-STD 883, Method 301S.7, Human Body Model (HBM). the results are typically better than 6kV (Con-
dition 1) (Figure 1, Table 1). Transient and ESD capability is highly dependent on the application. For conditions that are defined as an
in-circuit method of ESD testing where the V+ and V- Pins have a return path to ground. the ESD capability is typically greater than lSkV
from 100pF through 1.SkQ (Condition 2) or 9kV from 200pF through 1.Skn (Condition 3). For ESD testing of the SP721 to EIAJ IC121
Machine Model (MM). the results are typically better than 1kV (Condition 4).

3. Refer to the Figure 3 graph for definitions of equivalent "SCR ON Threshold" and "SCR ON Resistance". These characteristics are given
here for thumb-rule information to determine peak current and dissipation under EOS conditions.

R, Ro TABLE 1. ESD TEST CONDITIONS
H.

I 1 TEST ±Vo Ro Co

H.V. Co Condition 1 6kV 1.Skn 100pF (HBM)

SUPPLY IN
±VO

OUT Condition 2 1SkV 1.SkQ 100pF (Mod.

""- HBM)
R,-loMa

Condition 3 9kV 1.Skn 200pF (Mod.
HBM)

FIGURE 1. ELECTROSTATIC DISCHARGE TEST
MIL-STD-883D. METHOD 3015.7 Condition 4 1kV Okn 200pF (MM)
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NOTES:

1. Controlling Dimensions: INCH. In case of conflict between
English and Metric dimensions, the inch dimensions control.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Symbols are defined in the "MO Series Symbol Lisf in Section
2.2 of Publication No. 95.

4. Dimensions A, A1 and L are measured with the package seated
in JEDEC seating plane gauge GS-3.

5. D, D1, and E1 dimensions do not include mold flash or protru-
sions. Mold flas~ or protrusions shall not exceed 0.010 inch
(0.25mm).

6. E and re;;:l are measured with the leads constrained to be per-
pendic~to datum ~.

7. ea and ee are measured at the lead tips with the leads uncon-
strained. ee must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3,
E28.3, E42.6 will have a Bl dimension of 0.030 - 0.045 inch
(0.76 - 1.14mm).

E8.3 (JEDEC MS-001-BA ISSUE D)
8 LEAD DUAL·IN·L1NE PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.210 5.33 4

A1 0.015 0.39 4

A2 0.115 0.195 2.93 4.95

B 0.014 0.022 0.356 0.558

Bl 0.045 0.070 1.15 1.77 8, 10

C 0.008 0.014 0.204 0.355

D 0.355 0.400 9.01 10.16 5

Dl 0.005 0.13 5

E 0.300 0.325 7.62 8.25 6

El 0.240 0.280 6.10 7.11 5

e 0.100BSC 2.54 BSe

eA 0.300 BSC 7.62 BSC 6

ea I 0.430 10.92 7

L 0.115 I 0.150 2.93 3.81 4

N 8 8 9

Rev. 0 12/93
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NOTES:

1. Symbols are defined in the "MO Series Symbol List" in Section
2.2 of Publication Number 95.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Dimension "D" does not include mold flash. protrusions or gate
burrs. Mold flash, protrusion and gate burrs shall not exceed
0.15mm (0.006 inch) per side.

4. Dimension "E" does not include interlead flash or protrusions. In-
tertead flash and protrusions shall not exceed 0.25mm (0.010
inch) per side.

5. The chamfer on the body is optional. If it is not present. a visual
index feature must be located within the crosshatched area.

6. "L" is the length of terminal for soldering to a substrate.

7. "N" is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9. The lead width "B", as measured 0.36mm (0.014 inch) or greater
above the seating plane. shall not exceed a maximum value of
0.61mm (0.024 inch).

10. Controlling dimension: MILLIMETER. Converted inch dimen-
sions are not necessarily exact.

M8.15 (JEDEC MS-012-AA ISSUE C)
8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.0532 0.0688 1.35 1.75

A1 0.0040 0.0098 0.10 0.25

B 0.013 0.020 0.33 0.51 9

C 0.0075 0.0098 0.19 0.25

D 0.1890 0.1968 4.80 5.00 3

E 0.1497 0.1574 3.80 4.00 4

e 0.050 BSC 1.27 BSC

H 0.2284 0.2440 5.80 6.20

h 0.0099 0.0196 0.25 0.50 5

L 0,016 0.050 0.40 1.27 6

N 8 8 7

a 0° 8° 0° I 8°
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HARRIS
SEMICONDUCTOR

• ±90V Transient Suppression
• 4V to 16V Operating Voltage
• 1A Current Load Capability
• Low Input-Output Voltage Drop With Controlled

Saturation Detector for
- Fast Low Current Turn-OFF
- Reduced No-Load Idle Current

• Over-Voltage Shutdown Protection
• Short Circuit Current Limiting
• Over-Temperature Limiting Protected
• Thermal Limiting at TJ = +150oC
• -40°C to +1250C Operating Temperature Range

Applications
Electronic Circuit Breaker
Transient Suppressor
Over-Voltage Monitor
High Side Driver Switch for
- Relays
- Solenoids
- Heaters
- Motors
- Lamps

PART TEMPERATURE
NUMBER RANGE PACKAGE

HIP1090AS -40°C to +12SoC TO-220AB SIP

HIP 1090
Protected High Side Power Switch

with Transient Suppression

Description
The HIP1090 is a Protected Power Interface Switch
designed to suppress potentially damaging over-voltage
transients with peak voltage source inputs ranging up to
±90V in amplitude. It is designed to be operated in a 'hard-
wired' pass-thru mode or as a high side power switch which
controls the current flow through a PNP pass transistor of
the IC. In either mode The HIP1090 has a low saturated
forward voltage drop. The protected load circuit is connected
to the output of the IC. As such, the HIP1090 operates as a
transient suppressor where the PNP drive transistor is
switched off when VIN is greater than the Over-Voltage Shut-
down range of 16V to 19V. Shutdown also occurs when VIN
is less than the forward turn-on threshold of approximately
2.5V, including the negative voltage range.

The merits of transient suppression depend on the required
integrity of the applications load elements. Instrument panel
signal warning lights for critical functions such as over-
temperature or low fluid levels can be protected by the
HIP1090 against high level transient voltages and double
battery conditions that may potentially cause bulb burnouts.
The HIP1090 may be used to protect the power supplies of
small signal or logic circuits with voltages ranging from 4V to
16V,effectively blocking higher peak voltages.

The HIP1090 has internal current limiting protection in the
range of 1A to 2A for short circuit to ground conditions and
thermal shutdown protection when the junction temperature
is greater than 150°C. It is capable of driving resistive,
inductive or lamp loads (such as lamps No. 168 or 194) with
minimum risk of damage under harsh environmental stress
conditions. The HIP1090 is supplied in a 3 lead TO-220AB
package.

Pinout
HIP1090 (SIP)

TOP VIEW 1 r - - - - - - - - - Rs- - - - - - - - - - - - - - - - - - - - - - ,
V'N

(Vcc OR
VSAn)

3
VOUT

(TO LOAD)NOTE:
HEAT SINK TAB ~ 0
INTERNALLY
CONNECTED ~::::::~
TO PIN 2

I I I
, , I

I I I VeOH
(CONTROL OR GND)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.e. Handling Procedures.

Copyright © Harris Corporation 1995



Input (Supply) Voltage, VIN (Control Pin Reference) .
Transient Max Voltage, VIN (15ms)
Load Current, lOUT'

. ±24V

. ±90V
... Short Circuit Protected

Thermal Resistance
Plastic SIP Package ..

Maximum Power Dissipation, (Note 4)
At TA = +1050C, Infinite Heat Sink. .11.25W

Junction Temperature. . . +150°C
Ambient Temperature Range . . . . . . . . . . • . . -40°C to +125°C
Storage Temperature Range -40°C to +150°C
Lead Temperature (Soldering During). . +2650C

1/16 ± 1/32 inch (1.59 ± 0.79mm) from case for 10s maximum

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Input (Supply) Voltage Operating VIN (Note 1); Also, See Figure 4 for 4 16 V
Range Expanding VIN Range

Input Voltage Threshoid for Forward VTHO Load = 1kQ 2.5 V
Turn-On to Load

Input Voltage for Output Shutdown VSHSO (Note 2) 16 19 V

Output Shutdown Leakage ILEAK• VIN = 19V and 24V; Load = 1kQ 100 ~A
Output Cutoff Leakage ILEAK2 VIN - 16V; Control Open; Load _ 1kQ 1 ~A
Thermal Shutdown Temperature Tso 150 °C
Maximum Output Transient Pulse 10UT(Tran) VIN - ±90V for 15ms, VOUT= 14V -20 +20 mA
Current

Maximum Control Transient Pulse IcoN(Tran) VIN - ±90V for 15ms, VOUT- 14V -50 +50 mA
Current

Short Circuit Current Isc 1 2 A
Input-to-Output Voltage Drop VIN = 4V, lOUT= 175mA 0.25 V

VIN - 9V, lOUT- 500mA 0.65 V

VIN = 16V, lOUT= 800mA 1.05 V

VIN = 16V, lOUT= 1A 0.8 V
Control Current ICON VIN = 16V, lOUT= 100mA 25 mA

VIN = 16V, lOUT= 800mA 50 mA

VIN - 16V, lOUT- 1A 50 mA
Turn ON (Rise Time); taN Switch VIN OV(GND) to 5.5V; Mea- 20 ~s
"Pass- Thru' Mode sure VOUT(to 90%); Load = 1kQ

(Note 3)
Turn OFF (Fall Time); tOFF Switch VIN 5.5V to OV(GND); Mea- 20 ~s
"Pass- Thru' Mode sure VOUT(to 90%); Load = 1kQ

(Note 3)
Turn ON (Rise Time); taN See Figure 3 and Figure 4 (Note 3) 15 ~s
High Pass Switch Mode

Turn OFF (Fall Time); tOFF See Figure 3 and Figure 4 (Note 3) 15 ~s
High Pass Switch Mode

NOTES:
1. The Input Operating Voltage is not limited by the threshold of Shutdown. The VIN voltage may range to ±24V while the normal functional

switching range is typically +2.5V to +17.5V (reference to VCON)'
2. The Output Drive is switched-off when the Input voltage(Supply pin), referenced to the Control pin exceeds the threshold shutdown

VSHSD or the input voltage is less than the forward turn-on threshold (Including negative voltages within the transient peak ratings).
3. TON and TOFFtimes include Prop Delay and Rise/Fall time.
4. The worst case thermal resistance,8JC for the SIP TO-220 is 4°C/W. The calculation for dissipation and junction temperature rise due to

dissipation is:

Po = (VIN-VOUT)+ (VIN)(ICON)
TJ = TAMBIENT+ (Po) (8Jc) for an infinite Heat Sink.

Derating from 150°C is based on the reciprocal of thermal resistance, 8Jc+8HS' For example: Where 8JC= 4oC/W and given 8HS= 6°/W
as the thermal resistance of an extemal Heat Sink, the junction-to-air thermal resistance, 8JA= 10oC/W. Therefore, for the maximum allowed
dissipation, derate 0.1WfOCfor each degree from TAMBto the maximum rated junction temperature of 150°C. If TAMB= 100°C, the maximum
Po is (150 -100) x 0.1wfOC = 5W.

ozwo
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Applications
The HIP1090 may be used as a "hard-wired pass-thru"
device to protect the load from source voltage transients or
may be used as an active high side power interface switch
with up to 1A of Load current capability. An ON state
condition of (V1N - 4V) S VeaN S (V1N - 16V) is the normal
range required to activate the high pass switch, allowing the
supply source to conduct through the PNP to the load. When
the control terminal, VeaN is open, the high pass switch is
open (no conduction). Figure 2 shows an HIP1090
application example with a switch in the VeaN terminal. In
comparison to the hard wired circuit of Figure 1 where pin 2
is fixed at ground, pin 2 in the circuit of Figure 2 is switched
from open to ground to turn-ON the high pass switch. Used

in this mode, the HIP1090 is both an effective transient
suppressor and a high pass switch. The switch in the VeaN
terminal may be active or passive and conducts typically
less than SOmA of current. The HIP1090 used in the con-
trolled switching mode retains all of the protected features of
the device. In either circuit the output capacitor may be
increased in size to hold charge longer during transient
interruptions at the input. The charge duration for larger
capacitors or for lamp loads is tolerated because of the
internal short circuit current limiting protection. Sustained
short circuits may cause the junction temperature to reach
the thermal shutdown temperature (1S0°C).

DASH PANEL LOAD
TO OTHER
LIGHTS
AND
INSTRUMENTSSWITCH Y

VBATT

V~N
(CONTROL OR GND)

r--------------------------------,
INPUT 1 I V'N Rs vour I 3

VBATT

NOTE:

VLOAO; VSATI - VSAT
VSAT TYP < O.BV at 1A

VeoN

(CONTROL)

OFF ,\. ON
sWITCHl



Figure 3 shows the pulsed output switching characteristics
of the HIP1090 as a high side driver. A small delay step is
noted on the rising edge due to the hold-off of a VcESAT
detector circuit. The VcESAT circuit senses the saturation
level of the PNP pass transistor and controls the drive as a
ratio of load current. As the load current is reduced, the drive
current to the output transistor is reduced. Under low current
operation, the saturation level is controlled and the turn-OFF
switching time is much faster. The control switching element
is shown as a 2N5320 NPN transistor but may be any open
collector or MaS gate. A pull-up resistor of 2kQ is used for a
slight improvement in the turnoff fall time but is not an
essential requirement. The VCONterminal may be controlled
with a mechanical switch or may be controlled from any
driver output that can sink the worst case condition of pin 2
current, ICONwhen the output load current is increased to 1A
(typically 50mA).

(SUPPLY INPUT)
2kQ

OPTIONAL

ON n Vs ()-

OFFJ L-

15 - ~ - - - - --

I
I
I
I
I

I
I
I
I
I

I I I~---------~-------
I I I

• I I TOFF I
I i" 31 '

I

I •
I::F-j

FIGURE 3. TYPICAL ON-OFF SWITCHING CHARACTERISTIC
OF THE HIPl 090 USING AN NPN TRANSISTOR TO
SWITCH THE VCON INPUT TERMINAL

The circuit of Figure 4 shows how the HIP1090 transient
suppression voltage shutdown threshold may be increased
by using a zener diode from the VCONterminal to the collec-
tor terminal of the transistor switch. The preferred method is
to use a zener diode for a fixed level shift. While a resistor in
place of the zener diode having the same voltage drop will
work well, the parametric variation of the ICONcurrent will
cause variations of the Over-Voltage Shutdown Threshold.
In this circuit, a 10V zener provides a typical over-voltage
threshold shift to -27V. The threshold for over-voltage shut-
down is referenced to the (V1N- VCON)voltage difference.

(SUPPLY INPUT)
2kQ

OPTIONAL

10V

2N5320
OR EQUIVALENT

ON n ()-
OFFJ L-

FIGURE 4. A TYPICAL APPLICATION CIRCUIT THAT USES A
ZENER TO THE VCON TRANSISTOR SWITCH TO
RAISE THE OVER-VOLTAGE SHUTDOWN
THRESHOLD

Also, it is important to note that high peak current values
may be reached when driving nonlinear and inductive loads.
The peak output current of the HIP1090 is self limiting in the
1A to 2A range to protect against short circuit conditions.
Sustained high peak current may increase the junction tem-
perature to 150°C and cause thermal shutdown. When this
happens, the output current will fall off briefly before recover-
ing, unless the over-temperature condition is sustained.
Internally, both input and output over-voltage conditions are
sensed to protect the circuit, making the high levels of tran-
sient voltage ratings possible. Sustained voltage ratings of
±24VDC with transient ratings to ±90V allow a wide variety
of applications in high stress environments.

Except for the VcESAT detector circuit, the HIP1090 is a
higher current version of the CA3273 high side driver, which
turns-on without the delayed step on the leading edge of the
output pulse; switching with a typical TON time of -0.5I1S.
The CA3273 has a higher transient suppression threshold.

ozwO!C(~a:(.)"wwI-
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Lead No.1 - Gate
Lead No.2 - Collector
Lead No.3 - Emitter
Mounting Flange - Collector

TO-220AB
3 LEAD JEDEC TD-220AB PLASTIC PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.170 0.180 4.32 4.57

A, 0.048 0.052 1.22 1.32

b 0.030 0.034 0.77 0.86 3,4

b, 0.045 0.055 1.15 1.39 2,3

c 0.014 0.019 0.36 0.48 2,3,4

0 0.590 0.610 14.99 15.49

0, 0.160 4.06

E 0.395 0.410 10.04 10.41

E, 0.030 0.76

e 0.100 TYP 2.54 TYP 5

e, 0.200 SSC 5.08 SSC 5

H, 0.235 0.255 5.97 6.47

J1 0.100 0.110 2.54 2.79 6

L 0.530 0.550 13.47 13.97

L, 0.130 0.150 3.31 3.81 2

0P 0.149 0.153 3.79 3.88

a 0.102 0.112 2.60 2.84

NOTES:
1. These dimensions are within allowable dimensions of Rev. J of

JEDEC TO-220AS outline dated 3-24-87.
2. Lead dimension and finish uncontrolled in L1.

3. Lead dimension (without solder).
4. Add typically 0.002 inches (0.05mm) for solder coating.
5. Position of lead to be measured 0.250 inches (6.35mm) from bot-

tom of dimension D.
6. Position of lead to be measured 0.100 inches (2.54mm) from bot-

tom of dimension D.
7. Controlling dimension: Inch.
8. Revision 1 dated 1-93.
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Suppression - Telecommunications Systems

Modern telecommunication systems are fast, efficient, and
complex. Many improvements have been made in central
office equipment and subscriber equipment which involves
the use of solid state circuitry. Unfortunately, solid state
devices are much more susceptible to malfunction or failure
due to transient voltages and noise than are older devices,
such as relays, coils, step-switches, and vacuum tubes. To
complicate matters further, increased usage of telecommuni-
cation lines for data and video transmissions has produced a
further intolerance for transient voltages.

Although telecommunications systems have always
employed transient protection devices such as the carbon
gap, the gas tube, and the heat coil, these are not always
adequate to protect solid state circuitry. Harris offers two dis-
tinct technologies to deal with the varied requirements of
telecommunications transient protection. The MOV, Metal
Oxide Varistor, is a Zinc oxide ceramic based technology,
and the SURGECTOR, a solid state silicon based process,
which integrates a zener diode and the SCR technology on a
single chip.

The requirements of the telecommunications industry are
varied and unique. Both technologies have advantages and
limitations dependent on the specific application. The trade-
offs are discussed in the Applications section.

A telecommunication system is made up of subscriber
stations linked together through the cable plant and a central
office switching network. Included in the system are repeater
amplifiers, multiplexers, and other electronic circuits.
Supplying the electrical energy to run the system is a main
power source.

The cable plant and the power supply provide a path by which
damaging transients enter the system, to be transmitted to
vulnerable electronic circuitry. The cable plant consists of con-
ductors in shielded cables, which are suspended on poles
(shared with power lines) or buried in the earth. A single cable
is made up of many conductors, arranged in twisted pairs (tip
and ring). Some sections of open-wire transmission lines are
still used, but most of these are remote from central offices,
and transient protectors are usually provided where the open
wire enters the shielded cables. All of these cables (even the
ones underground) are capable of picking up transient energy
from lightning and conducting them to the central office or
subscriber equipment.

The power used by a telecommunication system is usually
obtained from commercial power lines. These lines, like the
telephone cables, are either suspended on poles or buried.
Transient energy is frequently picked up by power lines and
transmitted to the central office by direct conduction or by
induction into the telephone cable plant. The increased use of
off-line power supplies in telephone equipment makes power
line transients even more hazardous to the electronic circuitry.

Lightning is the most common source of over voltage in
communication systems. Because of the exposure to light-
ning strokes, a knowledge of the effects of lightning is impor-
tant when designing a transient protective system.

Lightning currents may enter the conductive shield of a sus-
pended cable by direct or indirect stroke, or it may enter a
cable buried in the ground by ground currents, as shown in
Figure 1.

In the case of a suspended cable, the lightning current that
enters the cable is seeking a ground and will travel in both
directions along the cable. Some of the current will leave the
shield at each grounded pole along its path. Studies have
shown that all of the lightning current has left the cable
shield after passing 10 poles grounded in high conductivity
soils or 20 poles grounded in high resistivity soil.

+
VOLTAGE ACROSS JACKET

SOIL VOLTAGE

"TRUE" GROUND
DISTANCE--+

Stroke currents leave a buried cable in a similar way but with
a different mechanism. Since the cable shield has a finite
electrical resistance, the current passing through it will pro-
duce a potential gradient along its length. This voltage will
produce a potential difference between the cable and the
soil, as shown in Figure 2.

At some point (Point A) the shield-to-earth potential will
exceed the dielectric strength of the jacket, causing it to
puncture. Some of the lightning current then flows through
the puncture into the soil, thus equalizing the potential at that
point. The remaining current continues along the shield until
another puncture occurs, providing another path to ground.
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Lightning currents are usually not harmful to the shield itself,
but they do induce surge voltages on the conductors of the
cable which are often harmful to central office equipment. The
surge voltage that appears at the ends of the cable depends
upon the distance to the disturbance, the type of cable, the
shield material, and its thickness and insulation, as well as the
amplitude and waveshape of the lightning current in the
shield. Since the current-derived potential along the cable
shield is capacitively coupled to the cabled conductors, the
waveshape of the surge voltage on the conductors will closely
resemble the waveshape of the lightning current.

Quantitative information on lightning has been accumulated
from many sources,(2] with research centers in the United
States, Western Europe and South Africa. One of the most
comprehensive surveys of available data has been compiled
by Cianos and Pierce,13]describing the amplitude, rate-of-
rise, duration, etc., in statistical terms.

Using these statistics, one can make numerical calculations of
induced voltages in various electrical circuits, such as the cable
plant of a communication system.The parameters of interest are
the voltages developed as a function of intensity and duration of
the lightning impulse. The examples discussed later in this Sec-
tion are based on this source of information.

The voltage surge induced into the conductors of a cable will
propagate as a traveling wave in both directions along the
cable from the region of induction. The cable acts as a trans-
mission line. The surge current and voltage are related to
each other by Ohm's law where the ratio of voltage to cur-
rent is the surge impedance (Zol of the cable. Zo can also be
expressed in terms of the inductance (L) and capacitance
(C) per unit length of the cable by the equation,

Zo = JL1C (n)

The velocity of the surge, as it propagates along the conduc-
tors, is also a function of Land C, and can be expressed as:

Velocity = J1 / (LC) (meters/see)

The series resistance of the shield and conductors, as well
as losses due to corona and arcing, determine the energy
lost as the disturbance propagates along the cable.

Tests conducted on telephone cables!4] have measured
surge impedances of BOn between any of the conductors
and the shield. Shield resistances between 5n and 6n per
mile were found to be typical. These values and the applied
lightning current waveform of Figure 3 were used to compute
the worst case transient which would appear at cable termi-
nals in a central office.The computation assumes the light-
ning current is introduced into a suspended cable shield at a
point 2.75 miles from the central office. An average cable
span between poles of 165 feet, with a ground connection
on every fourth pole, was assumed. It was also assumed
that the cable will support the voltage without arcing over.
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The resulting short-circuit current available at the central
office is shown in Figure 4.



The open-circuit voltage at the cable end is shown in Figure 5.
This analysis shows that if a severe, 100kA lightning flash
strikes a cable at a point 2.75 miles from a central office, a
voltage transient reaching a peak of nearly 1BkV may appear
at the cable end, with about 355A of current available.

Since the cable can be considered to be a linear system, the
voltages and currents will bear a linear relation to the
lightning stroke amplitude. A tabulation of the open-circuit
voltage and available current which would result from stroke
currents of various magnitudes is given in Table 5. Included
in the table is the fJrobability of occurrence, as given by
Cianos and Pierce.' J It should be realized that voltages in
excess of 10kV probably would not be sustained since the
cable insulation will break down.

The transient voltage at the central office in any case would
be excessive, so that protectors would be required. The pro-
tector would conduct up to 213A surge current for most
(B5%) of the strokes that occur and only up to twice that cur-
rent on rare occasions.

The values shown in Table 1 are based on the assumption of
a single conductor cable with the stroke point 2.75 miles
from the central station. For closer strokes the peak short:
circuit current at the cable end will increase as shown in
Table 2. These calculations were made assuming a break-
down at the stroke point, which gives the worst case result.

TABLE 1. LIGHTNING TRANSIENTS AT CABLE END
2.75 MILES FROM STROKE POINT

TERMINAL TERMINAL
PROBABILITY OPEN SHORT-

PEAK OF CIRCUIT CIRCUIT
CURRENT OCCURRENCE VOLTAGE CURRENT

(kA) (%) (PEAK V) (PEAK A)

175 1 32,200 621

100 5 18,400 355

60 15 11,040 213

20 50 3,680 71

Since telephone cables actually have many pairs of wires
rather than a single conductor, the peak currents in each
wire will be lower. It is assumed that the stroke voltage will
be induced equally in all wires if they are equally loaded.
Then, the currents in all wires will be equal if all protectors
are identical. To predict the individual wire currents, it is
assumed that the wire currents are proportional to sheath
current and the ratio of resistances, and are reduced a con-
stant amount by cable inductance. Worst case calculated
values for the shortest distances are shown in Table 2.

An example of the current which a protective device must
handle can now be estimated. Assume a cable of six pairs
(the smallest available) is struck by lightning, inducing a
stroke current of 100kA into the shield, at a distance of 0.25
mile from the protector. The transient current will be divided
up among the twelve suppressors at the cable ends. Each
protective device must handle up to B52A of peak current in
order to clamp the voltage to a protected level.

TABLE 2. PEAK LIGHTNING-INDUCED CURRENTS IN
VARIOUS LENGTHS OF TELEPHONE CABLE
(100kA LIGHTNING STROKE)

PEAK CURRENTS (A)

DISTANCE AT CENTRAL OFFICE
TO AT

STROKE STROKE SINGLE 6 PAIR 12 PAIR
(MILES) POINT CONDUCTOR CABLE CABLE

2.75 630 355

1.50 630 637

1.00 734 799

0.50 1110 1120 712 453

0.25 1480 1480 852 463

Since telephone cables very often share a pole and ground
wire with the commercial AC utility power system, the high
currents that accompany power system faults can induce
over-voltages in the telephone cables. These induced over-
voltages will be at the power system frequency and can
have long duration (compared to the lightning-induced tran-
sients) from a few milliseconds to several cycles of power
frequency. Three types of over-voltage can occur in conjunc-
tion with power system faults:

Power Contact· (Sometimes called "power cross"). The
power lines fall and make contact with the telephone cable.

Power Induction· The electromagnetic coupling between
the power system experiencing a heavy fault and the tele-
phone cable produces an over-voltage in the cable.

Ground Potential Rise - The heavy ground currents of
power system faults flow in the common ground connections ,
and cause substantial differences in potential.

There is little definitive data available on the severity of
these over-voltages. However, proposals have been made
by telephone protection engineers to define the power con-
tact as the most severe condition. The proposed require-
ment calls for the suppressor to withstand 10ARMS for a
duration of power contact ranging from 10 to 60 cycles of the
power system frequency.
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Protectors - Voltage Transient
Suppressors
Primary Protection

The oldest and most commonly used primary protector for a
telephone system is the carbon block spark gap. The device is
made up of two carbon block electrodes separated by a small
air gap of between 0.003 and 0.004 inch. One electrode is con-
nected to the telephone cable conductor and the other to the
system ground. When an over-voltage transient appears, the
gap breaks down diverting the transient and dissipating the
energy in the arc and the source impedance of the transient.



The carbon gap is a low-cost protector but suffers from a rela-
tively short life and exhibits sparkover voltage variations.
Nominal 3-mil carbon gaps statistically sparkover as low as
300V and as high as 1000V. This is a serious problem.

Telephone conductors occur in pairs in a cable so that tran-
sient voltages induced into the conductors will be common to
both tip and ring conductors, as shown in Figure 6. This longi-
tudinal voltage produces no current through the load termina-
tion. Normally, there is zero difference in the potential
between conductors. If protector, PR1 should breakdown at
400V, while PR2 requires 700V to break down, then only PR,
would breakdown on transient of 600V causing a transient
current flow through the load. Even if PR2 does break down
bu1responds later in time than PR, a transient current will flow.

INDUCED
LONGITUDINAL VOLTAGE

IN CONDUCTOR PAIR

1

Another common suppressor in telephone systems is the gas
tube protector. It consists of two metallic gaps spaced by a
distance of 0.010 to 0.015 inch. The electrodes are enclosed
in a sealed glass envelope containing a combination of gases
at a low pressure. Such gaps offer higher current-carrying
capability and longer life than do carbon block devices. How-
ever, the possibility of seal leakage and the consequent loss
of protection has limited the use of these devices. Dual-gap
gas tubes, also called three-electrode gas tubes, have been
introduced to alleviate the problem of unbalanced breakdown
as described in the preceding paragraph.

Harris Varistors have properties that make them excellent
candidates for telephone system protectors. These charac-
teristics include tight tolerance, high reliability, high energy
capability, and good clamping characteristics. The
V130LA20A Harris Varistor, for instance, is capable of han-
dling a peak transient current of 6500A (8/20I1s pulse) and
dissipating up to 703 of energy. The 6500A current surge
would result in the voltage across the varistor being clamped
at a maximum of 600V. A 1000A pulse would be clamped to
less than 420V, yet ring voltage peaks of 180V would not be
affected by this varistor.

Varistors are often used in telecommunication circuits
between tip, ring and ground requiring 1, 2 or sometimes 3
separate varistors. See Figure 7.

The voltage rating of the varistor is determined by the volt-
age applied between tip and ring. Most telecommunication
systems have 52.5Voc with a superimposed ring voltage
between 40V to 150VRMS (210V peak), which results in a
minimum voltage rating for the varistor of 52.5V + 210V =
262.5V. The proper device would have a minimum DC-volt-
age rating of greater than 262.5V. For example, a
V230LA20A, two V130LA 1OA devices in series, or two
V130LA20A devices in series would be appropriate.

Secondary Protection

Modern solid state communications circuitry can be dam-
aged even if the primary protection is working normally. It is
often advisable to provide a secondary protection system to
further reduce the voltage transient. As shown in Figure 8,
the secondary protection removes the over-VOltage spike
which is passed by the primary protector.
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FIGURE 8. SECONDARY PROTECTION

In most installations the length of conductor between the pri-
mary protector and the telephone circuit boards is greater
than 25 feet. The impedance (ZL2) presented by this length of
wire to most lightning-induced transient voltages will insure
that the primary protector will operate first and the secondary
protector will not be exposed to the full surge. In the rare
cases where a power cross occurs, the varistor may fail, but it
will still perform its assigned task of protecting the circuit
board. Because its failure mode is a short circuit it will blow
the system fuses. Usually the probability of a power cross if so
low that the replacement of a damaged varistor is an accept-
able alternative to repairing a damaged circuit board.

The SURGECTOR can also be a desirable transient protector
for secondary protection. Its "crowbar" action and fast
response time can shunt the transient to ground effectively
and prevent damage to the system. The characteristics and
forms of SURGECTORS are discussed in this section,
''Surgector™ Transient Surge Supressor", and Section 8.

For transients introduced into a telecommunications system
through the powerlines, the Harris Varistor Is a very effective
suppressor. Properly selected, the varistor will not effect the
normal operation of the line but will clamp heavy transient
surges to an acceptable voltage level. Refer to Sections 2, 4,
and 6 for information on the selection of a varistor suppressor.

Even the most modern telephone equipment requires the
use of relays and other electromechanical switching devices
These devices are required to switch currents into inductive
loads causing contact arcing, pitting, and noise generation.
The Harris Varistor is a useful suppressor for increasing con-
tact life, improving reliability, and reducing noise. Sections 1
and 6 contain selection information for contact protection
applications by means of varistors.

Surgector TM Transient Surge Suppressor
The Harris SURGECTOR is a new type of surge-suppressor,
developed to protect sophisticated electronic circuits from
rapid, high-voltage power surges that conventional surge
suppressors cannot handle. The need for a new type of
surge suppressor stems from the increasing sophistication

of today's electronics. In the telecommunications industry,
for example, the trend is toward increasing use of medium-
scale integrated (MSI) and very large-scale integrated
(VLSI) circuits. These circuits are used in equipment that
transmits, processes, codes, switches, stores data, and has
multifunction capability, but is intolerant of voltage overloads.
In addition, a strong shunt device, such as the SURGEC-
TOR, is used to open a series device, such as a fuse, to pre-
vent excessive current overloads of premise wiring and
equipment as required by safety agencies (e.g., Underwrit-
ers Laboratories).

The SURGECTOR is a monolithic device. It consists of an
SCR-type thyristor whose gate region contains a special dif-
fused section that acts as a zener (avalanche) diode. The
zener portion of the SURGECTOR provides continuous pro-
tection of the circuit.

Because it combines the continuous voltage protection of
the zener with the thyristor's ability to handle high current,
the SURGECTOR provides instantaneous protection against
fast-rising, high-voltage pulses, pulses that are too rapid or
too powerful for conventional devices (such as gas tubes,
air-gap carbon blocks, or stand-alone, zeners) to block. As a
result, the SURGECTOR can provide the much-needed sec-
ondary surge protection for telecommunications circuitry,
data links, and other sensitive electronic circuits that are
especially susceptible to damage from transient voltage.

Surge Characteristics

• Large voltage and energy variations
• Wide variations in surge durations
• Possible rapid repetition and mixed polarity of surges
• dv/dt of up to 10,000 V/J.ls

SURGECTOR Characteristics

• High input impedance until breakdown (i.e. low leakage)
• Repeatable breakdown/threshold voltage
• High surge current handling capability
• Withstand and respond to rapidly reoccurring surges
• Last recovery to high impedance state (turn-off)
• Dual polarity protection
• No degradation of essential characteristics with use
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SURGECTORs Provide Transient Protection for:

• Central Office Equipment
• Supervisory Equipment
• Switchgear Equipment
• Data Transmission
• Handsets
• EPABX,PABX,PBX
• Repeaters
• Line Concentrator
• Receivers
• Headsets
• Modem
• PCM

TIP
RING RING

~

PABX PABX

~
SWITCH SWITCH

NETWORK NETWORK

The SURGECTOR allows normal operation of the circuit as
long as the voltage does not exceed a certain maximum
value (VDM). Current SURGECTOR devices are rated at
30V, 60V, 100V, 230V, and 270V. When a transient pulse hits
the line, voltage begins to rise - often as an extremely rapid
rate. Lightning, for example, can cause a voltage rise in
excess of 1000V per microsecond. As soon as the voltage
reaches the avalanche breakdown voltage, the zener
instantly clamps the voltage. The voltage can rise above its
normal value for the circuit, but only by a small amount; the
SURGECTOR ensures that the protected circuit never sees
a voltage greater than 110 percent of the zener avalanche
operating voltage.

A normal stand alone zener diode maintains a constant volt-
age for the duration of the pulse and can quickly burn out
from this energy overload. But in the SURGECTOR, current
flows from the zener region into the thyristor gate, switching
on the thyristor in nanoseconds. The thyristor drops to low
voltage, creating a low impedance in the circuit, and shunts
the excess energy from the circuit to the ground. In effect,
the thyristor draws energy away from the zener, allowing it to
survive the transient. Because of this, the SURGECTOR can
handle about ten times more current than a stand alone
zener.

While the transient is on the line, the SURGECTOR remains
in the ON state, and the voltage across the circuit is low. Its
precise value depends on the type of pulse and the type of
SURGECTOR being used. Eventually, the pulse passes,
and the current begins to drop. When it reaches a certain
minimum value, known as the "holding current," the

SURGECTOR automatically shuts off, and normal circuit
operation resumes, with the zener section of the SURGEC-
TOR again providing continuous protection.
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Harris SURGECTOR devices include SCR types, unidirec-
tional and bidirectional. The SCR SURGECTOR is unidirec-
tional but provides three terminals instead of two. The third
terminal gives the user direct access to the 5CR gate region,
so that the SURGECTOR types are available; the
SGT10S10 (100V, 100mA), the SGT27S10 (270V, 100mA),
and the SGT27S23 (270V, 230mA). With the external gate
control circuitry, any voltage between 5V and 100V or 5V
and 270V respectively can trigger the device. This class has
high holding current (100 to 270mA) to allow rapid transition
to the OFF state.

The unidirectional SURGECTOR is available in voltages of
30V, 60V, and 230V (types SGT03U13, 2CT06U13, and
2GT23U13 respectively), the holding current is 130mA.

The bidirectional SURGECTOR is capable of handling both
positive and negative surges. lt has two terminals, and only
one SURGECTOR per line is required. Four versions are
available at the present time; 230V and 270V, 130mA, surge
capability of 10 x l0OOl1s at 100A, and two larger devices
rated at 230V and 270V respectively with 270mA holding cur-
rents and 200A surge capability at a pulse of 10 x 100011s.



SURGECTOR devices have ratings for transient peak surge
current of 300 to 600A for a 1 x 2~s pulse and appropriately
scaled currents at 8 x 20,10 x 560, and 10 x 1000~s. These
rated surges can be applied to the SURGECTOR devices
repeatedly without degradation. The overshoot ratio of the
SURGECTOR is the ratio of the highest voltage encountered
by the protected circuit (during a 1OOV/~s pulse) over the
zener voltage of the SURGECTOR. The SURGECTOR has
the lowest overshoot ratio of any surge-suppression technol-
ogy on the market today, which means it suppresses tran-
sient voltage more effectively than gas tubes, metal oxide
semiconductor devices, or carbon blocks.

Many surge-suppression devices are characterized by the
speed at which they switch on. A gas discharge tube, in
which gas must ionize before the device can function, takes
microseconds to become operational. But this specification
is meaningless for the SURGECTOR, because the
SURGECTOR provides instantaneous and continuous pro-
tection. The zener section of the SURGECTOR always
clamps voltage when the value reaches a certain minimum
zener voltage for which the device is rated.

The SURGECTOR type SGT23U13, which is rated at 230V,
clamps the transient voltage the instant it reaches the zener
voltage. Within nanoseconds, the thyristor switches on and
drops the voltage to just a few volts. (The voltage will remain
at this low value until the surge passes and the current drops
below the holding current.)

As stated, the SURGECTOR can handle peak currents up to
600A, depending on the type of pulse. But, like any solid-
state device, the SURGECTOR will eventually fail if pushed
beyond its specifications. However, the SURGECTOR is
designed not to fail to an open condition on a 1 x 2 pulse
below 450A (900A for the 5GT27B27). This becomes espe-
cially important in new telecom equipment designs which are
required to meet UL-1459 requirements. A typical design for
secondary protection would use a pair of fuses and
SURGECTOR devices to open the line on excessive cur-
rents such as a power line cross.

This is an important feature, especially in telecommunication
applications. If a device fails to an open condition, the circuit
remains unprotected until the device is replaced, and open
failures on the line are not easily detected. A short, on the
other hand, provides continuous protection against surges
(although if prevents operation of the circuit) and is easy to
locate for repair or replacements.

Aside from failure due to operating beyond the device's
specifications, the SURGECTOR has no inherent wearout
mechanism. Performance is consistent and does not
degrade with repeated use or time. There is no inherent limit
on the SURGECTOR device's operating life. We predict the
SURGECTOR will have a life comparable to Harris Power
transistors, lasting 20 years or more. By comparison, gas
tubes and carbon blocks have wearout mechanisms and
trigger voltage changes.
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SURGECTOR devices are usually used in conjunction with
primary protection devices, and therefore should rarely see
currents exceeding their rated capacities. When operated
within their specifications, SURGECTOR devices automati·
cally switch to their off-state once the pulse passes and the
current drops below the holding current. The holding current
of the SURGECTOR must he greater than the normally
available short-circuit current in the circuit to insure that the
SURGECTOR will return to the off-state when the transient
has passed and allow normal circuit operation to resume.
SURGECTOR devices are designed with high holding cur-
rents, ranging from 100 to 270mA, depending on the type.
These ratings are sufficient to allow proper operation in most
telecommunications circuits.

The SURGECTOR device's normal off condition is a state of
high impedance, which prevents loading of the line. Leak-
age is extremely low; the SURGECTOR passes less than
100nA. The capacitance of SURGECTOR devices is also
low, presenting about 1OOpFfor a bidirectional device in nor-
mal telecommunication circuits. This is low enough to allow
high-speed data communications.
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Nomenclature, Packages, and Shipping
The SURGECTOR type numbers are easy to interpret. The
first three characters - the letter "SGT" - stand for
SURGECTOR. Next comes two digits, which represent the
maximum off-state voltage divided by 10. Following the
voltage is a letter indicating either SCR (S), Unidirectional
(U), or Bidirectional (B). The next two digits indicate holding
current in milliamps divided by 10.

All versions of the SURGECTOR are housed in a modified
TO-202 versatab plastic package. This is a single-in-line
package, meaning that all leads come out of the same end
and are parallel to one another. The advantage of
single-in-Iine packaging is that it makes the SURGECTOR
easy to insert into a circuit board or socket by
automated methods.

SURGECTOR devices are shipped to the customer either in
bulk or on plastic "sticks" designed for automated machinery
handling. The sticks are rectangular tubes that hold 50
SURGECTOR devices each.

VZMIN Veo MAX ITSM ITSM IH PACKAGE
PART NUMBER FUNCTION (V) (100V/~s) (1 x 2~s) (10 x 1000~s) (mA) STYLE

SGT10Sl0 (Note 1) VAR Clamp 100 Note 1 300 100 > 100 A

SGT27S10 (Note 1) VAR Clamp 270 Note 1 300 100 > 100 A

SGT27S23 (Note 1) VAR Clamp 270 Note 1 300 100 > 230 A

SGT03U13 Unidirectional 30 < 50 300 100 > 130 B

SGT06U13 Unidirectional 60 < 85 300 100 > 130 B

SGT23U13 Unidirectional 230 < 275 300 100 > 130 B

SGT21B13 Bidirectional 210 270 300 100 >130 B

SGT21B13A Bidirectional 210 290 300 100 >130 B

SGT22B13 Bidirectional 220 280 300 100 >130 B

SGT22B13A Bidirectional 220 290 300 100 >130 B

SGT23B13 Bidirectional 230 290 300 100 >130 B

SGT23B13A Bidirectional 230 315 300 100 >130 B

SGT27B13 Bidirectional 270 345 300 100 >130 B

SGT27B13A Bidirectional 270 360 300 100 >130 B

SGT27B13B Bidirectional 270 375 300 100 >130 B

SGT27B27 Bidirectional 270 345 600 200 >270 B

SGT27B27A Bidirectional 270 360 600 200 >270 B

SGT27B27B Bidirectional 270 375 600 200 >270 B

NOTES:

1. Dependent on trigger circuit.

2. All surgectors supplied in modified JEDEC TO-202 Package.
Package Style A ; 3 lead version
Package Style B ; 2 lead version

3. All devices UL recognized to 497B - File Number E135010.

Holding current in
milliamps divided by 10

Type of SURGECTOR:
U = Unidirectional
B = Bidirectional
S = SCR

Off-State Voltage Rating
divided by 10

SURGECTOR



FIGURE 15. FULL BALANCED PROTECTION EMPLOYING
THREE UNIDIRECTIONAL SURGECTOR DEVICES
AND THREE DIODES

Telecommunications equipment has to operate in extreme
transienVsurge environments. Transients may originate from
power mains, switching sources, lightning and electrostatic
discharges. Isolation, grounding, and shielding among others,
are methods used to control transients but while these tech-
niques may be used in various telecom applications they are
not totally effective.

The Harris line of SURGECTOR devices protects circuits from
damage better than Transorb® zeners, gas-discharge tubes,
spark-gaps and any other means of protection. SURGECTOR
devices offer continuous protection with unique ability to
clamp at specific voltages (30V, 60V, 100V, 230V or 270V)
which then trigger the SCR on and bypass the energy away
from the circuit. The Harris SURGECTOR may be used in
many applications to provide transient energy protection at
subscriber stations and central offices where other suppres-
sion devices do not provide adequate protection for newer
more sensitive circuit components. The SURGECTOR com-
bines the protection of crowbar-acting devices and fast volt-
age-clamping devices. They combine the clamping voltage
temperature coefficient and low clamping-voltage ratio of a
zener diode with the high current surge capability of a spark
gap (gas-discharge tube) device. Bidirectional devices pro-
vide this protection in either polarity as in the case of the gas-
discharge tube. In order to protect equipment properly, the cir-
cuit connected to the input lines must limit the energy deliv-
ered through fault conditions on the phone lines. This energy
must then be compared to the minimum safety standards of
UL and the FCC to see if a proper design has been achieved
for the range of expected transients and overvoltages. Note
that UL requires AC testing, therefore "U" and "S" types are
typically used with shunt or bridge rectifiers.

For example the UL-1459 standard requires several
overvoltages and currents to be imposed on telephone
equipment - such that power lines coming in contact with
telephone lines will not cause fires in the equipment or in the
house wiring. One test involves a 1.5s application of 600V at
40A. This voltage would certainly turn on a SURGECTOR,

protecting the equipment for overvoltage. The resulting 40A
current flow must then be interrupted or limited to a safe
value.

Using Ohm's Law, E = IR, it can be estimated that 15Q will
limit 600V to 40A of current. This amounts to about 200 feet
of 26 gauge telephone wire. Of course, additional resistance
can be added to the telecom equipment to provide even
more protection than the 600V, 40A requirement.

In order to interrupt the current, a fuse may be employed that
will open before either the wiring or the SURGECTOR is
damaged. A fast acting 1A fuse will readily open the circuit
within the time-current curve specified by UL-1459. (All other
fuse parameters should be checked with the fuse manufac-
turer before finalizing a design.)

As a result of either lightning transients or the SURGECTOR
turning on, a transient voltage of L times di/dt will appear in
the system. Transformer and ringer inductance should be
examined for its contribution to the overvoltage condition. In
addition, the circuit wiring going to the SURGECTOR should
be arranged so that this effect is minimized.

FIGURE 16. TWO BIDIRECTIONAL SURGECTOR DEVICES ARE
PLACED BETWEEN THE TIP AND RING LINES
JUST AFTER THESE LINES ENTER THE
TELEPHONE TO PROTECT DELICATE
TELECOMMUNICATIONS
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TRANSIENT SURGE
SUPPRESSION TELECOM TELECOM AC DC POWER AND

DEVICES DATA LINES (PRIMARY) SECONDARY POWER LINES AUTOMOTIVE

Surgector X X X X

MOV X X X X X

Avalanche Diode X X X

Gas Tube X

TRANSIENT SURGE
SUPPRESSION

DEVICES MAJOR ADV ANT AGES/USES MAJOR LIMITATIONS

Surgector + Ideal for Datacom and Telecom Cannot be Used in DC Circuits where Available

+ Leakage - <50nA Current Exceeds Holding Current

+ Shunt Capacitance - <50pF Surge Current Capability -200A at 8 x 20llS Pulse
Shape

+ Subnanosecond Response
Limited AC Line Protection Capability

+ Lifetime Unlimited at 200A, 8 x 20llS Pulse Shape

+ Failure Mode - Short Circuit

Metal-Oxide + Ideal for AC Power Lines; Suitable for Low-Voltage Shunt Capacitance - >500pF
Varistor (MOV) Logic Protection Leakage - Approximately 10llA

+ Subnanosecond Response Clamp Voltage Goes Up with Current
+ Units Available up to lO,OOOASurge

+ Lifetime at 1000A, 8 x 20llS Pulse Shape - 1000
Surges

+ Failure Mode - Short Circuit

Avalanche Diode + Ideal for Low-voltage Logic Protection Low-Surge Capability - 50A at 8 x 20llS Pulse

+ Sub nanosecond Response Shape

+ Lifetime at 50A, 8 x 20llS Pulse Shape - Unlimited Leakage - Approximately 10llA

+ Shunt Capacitance - 50pF Clamp Voltage Goes Up with Current

+ Failure Mode - Short Circuit

Gas Tube + Wide use in Telecom for Primary Protection Response time - <511S

+ High Surge Capability - >20,000A Failure Mode - Open Circuit

+ Leakage - Subpicoamps Follow-On Current Because of "Crowbar'

+ Shunt Capacitance - <1pF Trigger Voltage Changes with Time

+ Lifetime at 500A, 8 x 20llS Pulse Width - 200 Surges Limited Life

Whereas most telecom applications use either 230V or 270V
SURGECTOR devices to accommodate the 100V ring signal
plus battery voltage, there are also low voltage
SURGECTOR applications for data cables, alarm systems,
and control cables. These signals can be +12V, 24V AC, or
48VDC' For these applications the low voltage 30V and 60V

unidirectional and variable voltage SCR type SURGECTOR
types are suitable. Typical applications are shown in Figures
15 through 20. By using a few extra components these
economical general purpose circuits become quite reliable.
In some cases these circuits can be simplified to obtain a
lower parts count.
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[1] Bennison, E., P. Forland and A.J. Ghazi, "Lightning
Surges in Open-Wire, Coaxial and Paired Cables" IEEE
International Conference on Communications, June
1972.

[2J Golde, R.II., "Lightning Currents and Related
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Chapter 9, ed. R.H. Golde, Academic Press, 1977.
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[4] Boyce, C.F., "Protection of Telecommunication
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Suppression - Automotive Transients

The designer of electronic circuits for automotive applica-
tions must ensure reliable circuit operation in a severe tran-
sient environment. The transients on the automobile power
supply range from the severe, high energy, transients gener-
ated by the alternator/regulator system to the low-level
"noise" generated by the ignition system and various acces-
sories (motors, radios, transceivers, etc.). Transients are
also coupled to the input and output terminals of automotive
electronics by magnetic and capacitive coupling in the wiring
harness, as well as conductive coupling in common conduc-
tor circuits (especially the chassis "ground"). Steady state
overvoltages may be applied by the circuit power supply due
to the voltage regulator failure or the use of 24V battery
"jump" starts. The circuits must also be designed against the
possibility of the battery being connected in reverse polarity.
Figure 2 shows a simplified automotive electrical system,
illustrating transient sources and how to protect against
them. Circuits which drive inductive loads must be protected
against the transients resulting from the energy stored in the
field of the inductor. These transients can be defined from
the load inductance and load current. Table 1 summarizes
the automotive power supply transients as documented by
the Society of Automotive Engineers (SAE).11)

Achieving maximum transient protection involves many fac-
tors. First, consequences of a failure should be determined.
Current limiting impedances and noise immunity require-
ments need to be considered. The state of the circuit during
the transient (on, off, unknown) and the availability of low-
cost components capable of withstanding the transient are
other factors. Considerable variation has been noted in the
data gathered on automotive transients. Further, the interac-
tion of other parts of the automotive electrical system with
the circuit under transient conditions may require definition.
The empirical evaluation of transient suppression using
SAE-recommended test circuits,12j is invaluable in many
cases. Figure 1 illustrates the test waveform for the most
common, high energy transients.

To illustrate the procedures involved in designing transient pro-
tection for automotive electronics, two examples are provided.
One example illustrates the protection of a solenoid driver cir-
cuit consisting of a logic integrated circuit with power transistor
buffer; the second is the protection of an ignition circuit output
transistor. These examples also illustrate the difference
between protecting against random and repetitive transients.
For random transients, energy and clamping versus standby
power dissipation are dominant constraints. For repetitive tran-
sients, transient power dissipation places an additional con-
straint on the (lhoice of the suppression device. The solenoid
driver protection circuit also illustrates the conflicting constraints
placed on automotive transient suppressors by the low maxi-
mum voltage ratings of integrated circuits, the 24V jump-start
cycle and the load dump transients.

FIGURE 1A. MUTUAL COUPLING TRANSIENT - TESTED IN
BOTH POLARITIES, SERIES AND PARALLEL
INJECTED

t <0 14.1
o<1<400 80.-VO.lee
400<1 14.1

SOURCE IMPEDANCE. 2.5Q

14.1 10 15 m.
0 SS

V

- 40 1<0 14.1
0<1 _80e-va.DOe

-80
VOLTS SOURCE IMPEDANCE. 2.5Q

FIGURE 1C. ALTERNATOR FIELD DECAY TRANSIENT

NOTE:

1. Amplitudes,impedances,andtimeconstantsvary,dependingon
the electricalsystemconsideredand the systemloading.

FIGURE 1. SEVERE TRANSIENT TEST WAVEFORMS (FROM
SAE PROPOSED TEST PROCEDURES)
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5!z<w
ZU;"ZQ.<Q.a:
~~

A central suppressor was the principal transient suppression
device in a motor vehicle. As such, it is connected directly across
the main power supply line without any intervening load resis-
tance. It must absorb the entire available load dump energy, and
withstand the full jump-start voltage. To be cost effective, it usu-
ally is best located in the most critical electronic module. In newer
applications additional suppressors may be placed at other sites
for further suppression and to control locally-generated tran-
sients.

The load dump energy available to the central suppressor in
the worst case depends on variables such as the alternator
size, the response of the sampled-data regulator system,
and the loads that share the surge current and energy. Each
application therefore tends to be somewhat different. How-
ever, by combining several applications, it is possible to con-
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ENERGY CAPABILITY
POSSIBLE FREQUENCY OFLENGTH OF

TRANSIENT CAUSE VOLTAGE AMPLITUDE APPLICATION

Steady State Failed Voltage Regulator ~ Infrequent

+18V

3 - 5 Minutes Jump start with 24V battery ~ Infrequent

±24V

200ms to 400ms Load Dump - i.e., disconnection of battery ,,10J Infrequent
while at high charging rates

S125V

SO.32s Inductive Load Switching Transient <1J Often

-300V to +80V

SO.20s Alternator Field Decay <1J Each Turn-Off

-100V to -40V

90ms Ignition Pulse, Battery Disconnected <0.5J S500Hz Several Times in
Vehicle Life

S75V

1ms Mutual Coupling in Harness (Note) <1J Often

S200V

15~s Ignition Pulse, Normal <0.001J S500Hz Continuous

3V

Accessory Noise s1.5V 50Hz to 10kHz

Transceiver Feedback =20mV R.F.
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struct a representative example. The key fact is the
alternator surge power available to be dissipated in the sup-
pressor. Figure 3A is suggested as a starting point for analysis.
Since a peak surge power of 1600W is available, a suppressor
with a clamping voltage of 40V would draw a peak current of
40A. The surge energy rating needed for the suppressor can
be found by taking the integral of the surge power over time,
resulting in approximately 85J. A jump-start rating of 24V is also
needed.

Evaluating central suppressor devices can be simplified with
the aid of a load dump simulator as shown in Figure 3B. The
inductor L, which simulates the alternator inductance, slows the
surge rise time but does not materially affect the analysis. In the
absence of a suppressor or load, the output waveform will be
similar to that of Figure 1B. If a suppressor is inserted, the oper-
ating characteristics can be estimated as follows:

Assume Vc = 40V, then Ip = (80 -40V)/R1 = 40A

The energy W dissipated in the varistor may be estimated by:
W = 1.4Velpt (see Section 6 on Energy). The impulse dura-
tion t, of the surge current (see Section 3, Figure 21) can be
estimated from the delay time as:

t = 0.7RC,

2000

~
a: 1500w~
0
Q.

W 1000Cl
a:
:>
Ul

500

o
-O.OS -.04 0 0.04 0.06 0.12 0.16 0.2

TIME(sl

FIGURE 3A. ALTERNATOR POWER OUTPUT INTO A CENTRAL
SUPPRESSOR

where R is the series-parallel combination of the effective
resistance of the varistor and simulator components R1 and
R2. To facilitate this calculation, assume that the effective
resistance is given by Ve/O.? Ip = l.4Q. The delay time con-
stant with the suppressor in the circuit then becomes:

RC1 = (~::: ~) (003) = 0.0545

and the surge impulse duration:

t = 0.7 RC1 = 0.0385

The deposited energy now can be estimated by:

W = 1.4 Ve1p t = (' .4)(40)(40)(.038) = 85J

Hence, the simulator produces unprotected and protected
circuit conditions similar to those expected in the vehicle
itself.

A suppressor with the needed high energy capability has been
developed and already is in use. This improved Harris Varistor
model V24ZA50 has a load dump rating of 100J. A narrow-tol-
erance selection can satisfy the clamping requirement of 40V
maximum at 40A, with a jumpstart rating of 24V. The protective
periormance of this suppressor can be measured conveniently
using the simulator circuit shown in Figure 3B.

The suppressor's durability has been demonstrated by sub-
jecting test specimens first to 10 load dumps about 30s apart.
After readout, additional stresses were applied consisting of a
single dump of 200J and a jump-start overvo~age of 24V for five
minutes. Clamping vo~age, which is virtually invariant wtth tem-
perature, was found to remain nearly unchanged by stress up to
the single-surge destruction level of about 250J (see Figure 3C).
Standby current, the most sensitive parameter, remained well
wtthin limits as shown in Figure 3D.

S1

CHARGEr
TO sov

Cl
0.03F

SUPPRESSOR
UNDER
TEST

. N =S

STANDBYCURRENT AT 12V (mAl

THRESHOLD OF THERMAL RUNWAY>100mA

JUMP
START

24V



In the second example, the protection of the output power
transistor in an electronic ignition circuit is analyzed. This
power transistor performs the current switching function of
mechanical distributor points in the usual Kettering ignition,
thus avoiding the pitting, burning, and erosion mechanisms
associated with the mechanical points. The ignition circuit is
illustrated in Figure 4.

TIMING
SIGNAL.n.

SYSTEM CONDITION

CONDITION VB START SWITCH

Running 12VTo 16V Open

Starting 5V To 12V Closed

NOTE:

1. Operatingtemperaturerange-40°Cto +110°C

In normal operation, the coil primary current builds up when
the power transistor is on, storing energy in the coil induc-
tance. The power transistor is then switched off, and the volt-
age at the collector rises rapidly as the capacitor, C,
charges. Transformer action causes the secondary voltage
to rise until the spark plug reaches firing voltage, clamping
the transistor collector voltage at a safe value. " a spark plug
is fouled or disconnected, the collector voltage can rise until
either the capacitor contains the stored energy (minus
losses), or the transistor breaks down with resulting dam-
age/failure. Since the capacitor is small, transfer of the
stored energy of the coil to the capacitor would result in a
very high voltage requiring transistor protection. A varistor
can be used to turn the transistor on during the period of
high voltage, thus dissipating the excess energy safely as
heat. The constraints on varistor selection are: clamp volt-
age must be low enough to protect the transistor; clamp volt-
age must be high enough to not affect normal spark energy;
the power dissipation (With two spark plugs disconnected)
must be within varistor ratings for an 8-cylinder, 4-cycle
engine at 3300rpm (misfires at 55Hz, average). The mini-
mum spark voltage output required is 20,OOOV,which repre-
sents 200V at the transistor collector. The transistor has a
breakdown voltage rating of 400V with the 470 base emitter

resistor and a current gain over 20. The base emitter on-
state voltage, VBE(ON),is between 1.0 and 1.8V, and the col-
lector to emitter saturation voltage is between 0.9 and 1.5V.
The varistor clamp voltage range is determined by the 200V
needed to supply minimum spark voltage and the 400V rat-
ing of the transistor. At 200V the varistor current must be
less than:

to prevent unwanted transistor turn-on. The minimum varis-
tor voltage at the 1mA varistor specification point is found by
solving the varistor voltage equation:

I; kya,

assuming a maximum a of 40. The result is 186V. The peak
clamping current (at 400V-VBEMAX)is found from the energy
balance equation for the coil, using the peak coil current, Ie.
Ie maximum is analyzed under both start and run conditions
to determine the worst case:

le(star1):s1~.~~9 ; 6.17A

and,

IC(run)< 16- 0.9 ; 42A- 3.6Q .

The worst case coil current occurs with the start switch
closed and will be less than 6.2A. The maximum peak coil
current, Ip•when clamping is then:

1 2 1 2 1 2
2L Ie ; 2L Ip + 2C Vp

and with a Vp, of 400V:

I~ ; I~ - 400
2
C/L

results in 6.0A starting and 3.6A running. The varistor cur-
rents corresponding to this are:

Ip/hFE + VBE/47Q;

which gives 0.34A starting and 0.22A running. Peak varistor
voltage must be less than:

400V- VBE (i.e.,398Vat O.34A)

The varistor power dissipation at 3300rpm (55pps), assum-
ing a triangular current waveform with constant voltage and
no losses, is found from coil energy balance:

2 Ip
1/2L (Ip) ; VMAX '2 t

solving for t:

_ (7) (10.3) H(3.6A) _
t - 400V 63~s

The varistor power dissipation is found to be:

VMAX~ If; 398V(0.~2A) (63) ( 10·6)S (55pps); O.15W
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Observations indicate that the losses in the coil and reflected
secondary load will reduce this by half to about 75mW.
Using the 110°C ambient temperature derating factor of
0.53, it is found that a varistor of 0.15W dissipation capability
is required. The varistor parameters are now defined as V.
of at least 186V at 1mA but less than 398V at 0.34A and
capable of at least 0.15W dissipation. The V220MA2A and
V270MA4B both fit these requirements.

As these examples have illustrated, the use of the Harris
Varistor in automotive circuits for transient protection is both
technically and economically sound. Design procedures are
identical to the procedures used in the other environments.
Experimental verification of the degree of protection can be
made using standard waveforms reported by automotive
engineering investigators.

[1] "Preliminary Recommended Environmental Practices for
Electronic Equipment Design," Society of Automotive
Engineers, 2 Pennsylvania Plaza, N.Y., N.Y. 1000L

[2] "Electromagnetic Susceptibility Test Procedures for
Vehicle Components (except Aircraft)," Society of Auto-
motive Engineers, 2 Pennsylvania Plaza, N.Y., N.Y.
10001.

[3] Korn, S.A., "Transient Voltage Suppression in Automo-
tive Vehicles," SS-8766.
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Recommendations for Soldering Terminal Leads
to MOV Varistor Discs

The CA series of MOV varistor discs with silver electrodes
are specifically designed for custom assembly and packag-
ing. To take advantage of the excellent performance and
reliability of Harris varistor technology, it is important that the
correct materials and processes be used to solder on the
terminal leads.

Where varistor discs are custom assembled and packaged,
fixturing is normally employed to maintain disc and terminal
alignment during solder reflow. Soldering fixtures should be
of lightweight design to reduce their thermal mass and, hence,
the time necessary to bring them to reflow temperature.

Disc and terminal lead should be pressed together lightly
during the whole soldering process to help expel flux
residues and excess solder from the interface. Trapped flux
residue can result in bUbbling of the solder, which leaves
voids between silver electrode and terminal. Excess solder
will enhance the tendency of the silver electrode to leach.

Soldering Ovens
Box, convection, and conveyor belt ovens are suitable for
reflow solder processes using fixtures.

Box ovens should have forced air circulation with sufficient
ventilation to remove flux vapors. It is important that every
fixture position in the oven be subjected to the same heating
conditions. Therefore, fixture positions should be limited to
locations within the oven where uniform air flow and temper-
ature can be maintained.

Convection ovens employ carefully designed exit baffles to
facilitate close control of the soldering environment. Air is the
best environment for soldering varistors. An inert gas (nitro-
gen) or reducing atmosphere is sometimes employed to
reduce oxidation in these ovens, but neither of these is rec-
ommended for the processing of unpassivated varistors.

A very repeatable temperature profile can be achieved with a
conveyor belt oven. The profile is determined by the temper-
ature of the heated zone(s) and the speed of the belt. A fixed
loading pattern also helps in achieving uniform results.

Fluxes are used for chemical cleaning of disc and terminal
surfaces. There are three basic types:

R - These unactivated fluxes are less effective than the
others in reducing oxides of copper, nickel, or
palladium/silver metallizations, but are the ones rec-
ommended for MOV varistors. All other fluxes
increase leakage, reduce long term reliability, and
can promote leaching of the silver electrode. Non-
charring, non-activated R type fluxes such as Alpha
100 or its equivalent are best.

RMA - These are mildly activated fluxes, and the most com-
monly used in the mounting of electronic compo-
nents. They may be used with varistors, but are not
recommended.

RA - These fully activated fluxes are corrosive, difficult to
remove, and can lead to varistor failure. They must
not be used to flux varistor discs.

Solders in the form of pastes or preforms can be used with
varistors. Preforms are solder shapes premanufactured to
specific sizes. Upon melting, they provide highly reproduci-
ble volumes of solder for joining. Preforms can be prefluxed,
eliminating the need for any additional fluxing.

Heat should not be applied to a varistor too quiCkly, as the
flux will not have sufficient time to activate and clean the join-
ing surfaces. The result will be poor solderability. On the
other hand, no varistor should be held longer than neces-
sary at an elevated temperature. If heat is applied too slowly
or maintained above reflow temperature for too long, leach-
ing of the silver electrode into the solder will occur, reducing
the disc to terminal bond strength. To avoid leaching, only
solders with at least 2% silver content (e.g., 62Sn/36Pb/2Ag
or eqUivalent) should be used; see Table 1.

It is equally important to observe processing time and
temperature limits. Failure to do so can result in excessive
leakage and alterations of the varistor's VI characteristic.
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Cleaning is an important step in the soldering process. It
prevents electrical faults such as the high current leakage
caused by ionic contamination, absorbed organic material,
dirt films, and resins.

A wide variety of cleaning processes can be applied to varis-
tors, including water based, solvent based or a mixture of
both, tailored to specific applications. Harris recommends
1.1.1 trichloroethane for the removal of flux residues after
soldering.

Defluxing in a solvent bath with ultrasonic agitation, followed
by a solvent vapor wash, is a very effective cleaning process.
After cleaning, the low boiling point solvent completely evap-
orates from the disc, and will not harm solder joints.

MELTING
ALLOY TEMPERATURE

62Sn/36Pb/2AG 179°C

96.5Sn/3.5Ag 221°C

96Sn/5 Ag 221°C - 245°C

10Sn/88Pb/2Ag 268°C - 302°C

5Sn/92.5Pb/2.5Ag 280°C

97.5Pb/2.5Ag 305°C



- -- -- -- -- -- -- -- -- -

Harris Suppression Technology

Harris MUltilayer Surface Mount Surge Suppressors
Author: Martin Corbett

Sensitivity of Components

Modern electronic circuits are much more vulnerable to dam-
age from transient overstresses than earlier circuits, which
made use of relays and vacuum tubes. The progress in the
development of faster and denser integrated circuits has
been accompanied by an increase in system vulnerability. As
the use of such systems has increased so to has the need
for their protection. Figure 1 shows damage susceptibility of
some commonly used components, including discrete semi-
conductors and integrated circuits [1, 2J.

As many semiconductor devices can be damaged by poten-
tial differences that exceed 10 volts, the survivability of mod-
ern electronics is limited when exposed to transient
overvoltages. The advent of smaller faster technologies,
such as high speed logic and MOSFETs, has led to an
increased vulnerability of electronic circuits to damage from
overstresses. The voltage, current, or power seen by a
device must be below the failure threshold of the device. The
value of this threshold is a function of the magnitude and

duration of a transient overvoltage occurrence. The magni-
tude of the transient is determined by the nature of the
source, the characteristic impedance of the circuit and the
resistance and inductance between the source of the tran-
sient and the device.

Integrated circuits are sensitive components, and their
threshold for damage is difficult to increase. Therefore, tran-
sient protection of these sensitive circuits is highly desirable
to assure system survival.

Digital integrated circuits produced with TIL technology are
fairly rugged devices and are relatively insensitive to high
speed transients. However, ICs designed with new technolo-
gies, that have thinner gate oxides and higher cell densities,
are more susceptible to voltage transients.

When looking at the gate oxide cross section of devices
using existing and new technologies, it is realized that the
susceptibility to transients is continuously increasing due to
the potential of damage with "punch-through". In order to
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work with these devices successfully, the sensitivity of such
devices must be fully understood, and adequate precautions
taken to ensure reliable operation, as well as survival in
harsh environments. Table 1 shows a comparison of the fea-
ture size, supply voltages, and typical gate count of various
IC technologies.

TABLE 1. CURRENTINTEGRATEDCIRCUITTECHNOLOGY

POWER
PROPERTIES BIPOLAR MOS BiMOS BiMOS

FeatureSize 5.0 1.0 1.5 3.0
(~M)

TypicalGate 500 6 16 80
Count

TypicalSupply +60 +6 +16 +80
Voltage(Volts)

When designing to protect systems, it is desirable to ensure
that worst cases stresses are below the failure threshold of
the circuit. In the situation where information on the failure
threshold is unknown, it is permissible to use a factor of
2 above the device/system steady state ratings and specify
a brief duration at this over stress level (usually a few micro-
seconds). Such an approach has been endorsed by the U.S.
Department of Defense Military Handbook 419(31.

When sensitive devices are specified in a circuit, transient
protection must not be treated as an afterthought. If no
transient suppressor is used, the weakest device absorbs
most of the transient energy, with a high probability of a
failure. If the failed device is replaced by one having higher
breakdown ratings, the next weakest device will take over
the unintended roll of transient suppressor, and system
failure could still result. Simply replacing failed devices with
higher capability parts does not guarantee system reliability.

The Transient Threat

Transients exist in every AC or DC system, or any wire con-
necting two pieces of equipment or components. The
sources of the transient can be lightning, nuclear electro-
magnetic pulse, high energy switching and high voltage
sparkover, or electrostatic discharge. These transients may
be found wherever the energy stored in inductances, capac-
itors, or mechanical devices, such as motors and genera-

tors, is returned to a circuit. Stray capacitance and
inductance may also set off oscillations, making the problem
even worse.

While a direct hit from lightning is not of real concern for a
printed circuit board user, what may be of concern is the
level of the transient which is "let through" by the primary
suppressor. This '101l0won current" may be up to SOAand it
will last for a number of microseconds. If this current is
above the failure threshold of a device in the circuit, it will be
destroyed.

Hopefully, the threat of transients generated from nuclear
electromagnetic pulses (NEMP) will not be a real concern.
However specific requirements do exist to ensure that sys-
tems are protected from the fast rise pulses of NEMP. These
transients have a rise time of approximately Sns and are of a
magnitude similar to that encountered from lightning.

The two most likely types of transients from which a circuit
must be protected are electrostatic discharge (ESD), and the
sWitching of reactive loads. ESD will result when two
conducting materials are brought close to one another and a
voltage discharge occurs. The resulting voltage discharge
can be as high as 2SkV and will last up to Sans. One of the
most common methods of "zapping" circuits is walking
across a carpeted floor, building up an electrical charge, and
touching a device without being properly grounded.
Transients can also be generated when an inductive load is
disconnected and the existing energy is discharged back
into the circuit. The arc generated from the opening of
mechanical relay switches is another common source of
switching transients.

Whatever the cause of the transient, natural or man-made,
the damage potential is real and cannot be casually dis-
missed if reliable operation of equipment is to be expected.
To properly select a transient suppressor, the frequency of
occurrence of transients, the open-circuit voltage, the short
circuit-current, and the source impedance of the circuit must
be known.

To date, designers have used resistors, capacitors, induc-
tors, metal-oxide varistors, zener diodes, silicon carbide
varistors, spark gaps, carbon blocks, or combinations of
these to suppress transients and protect sensitive compo-
nents. The new Harris series of Multilayer (ML) surge sup-
pressors represents a unique and effective solution for
transient suppression.



Multilayer Surge Suppressor
Description
The Harris multilayer (ML) series of transient voltage surge
suppressors represents a recent breakthrough in the area of
semiconducting ceramic processing. The ML suppressor is a
compact, surface mountable chip that is voltage dependent,
non-linear, and bi-directional. It has an electrical behavior
similar to that of a back-to-back diode, Le. it is inherently fully
symmetrical, offering protection in both forward and reverse
directions. The sharp, symmetrical breakdown characteris-
tics of the device provides excellent protection from damag-
ing voltage transients (Figure 2). When exposed to high
voltage transients, the ML impedance changes many orders
of magnitude from a near open circuit to a highly conductive
state.

Construction

The ML is constructed by forming a combination of altemat-
ing electrode plates and semiconducting ceramic layers into
a block. Each alternate layer of electrode is connected to
opposite end terminations (Figure 3). The interdigitated
block formation greatly enhances the available cross-sec-
tional area for active conduction of transients. This paralleled
arrangement of the inner electrode layers represents signifi-
cantly more active surface area than the small outline of the
package may suggest. This increased active surface area
results in proportionally higher peak energy capability.

FIGURE 3. MULTILAYER INNER ELECTRODES & SEMICON·
DUCTING CERAMIC (CROS5-SECTION)

Another advantage of this type of construction is that the
brea"Jown voltage of the device is dependent on the dielec-
tric thickness between the electrode layers and not the over-
all thickness of the device. Increasing or decreasing the
dielectric thickness will change the breakdown voltage of the
device.

Energy handling capability can be significantly increased
with a larger overall package outline. The energy handling
capability doubles from 0.6.1 (10/1000~s waveform) for a
0.120 inch by 0.06 inch device to 1.2J for a 0.120 inch by
0.100 inch device.

The crystalline structure of the ML transient voltage suppres-
sor (TVS) consists of a matrix of fine, conductive grains
separated by uniform grain boundaries, forming many P-N
junctions (Figure 4). These boundaries are responsible for
blocking conduction at low voltages, and are the source of
the nonlinear electrical conduction at higher voltages.
Conduction of the transient energy takes place between
these P-N junctions. The uniform crystalline grains act as
heat sinks for the energy absorbed by the device in a
transient condition, and ensures an even distribution of the
transient energy (heat) throughout the device. This even
distribution results in enhanced transient energy capability
and long term reliability.

The ML surge suppressor is a surface mountable device that
is much smaller in size than the components it is designed to
protect. The present size offerings are a "1210" form factor
(0.120 inches x 0.100 inches) and a "1206" form factor
(0.120 inches x 0.060 inches). Since the device is inherently
bi-directional, symmetrical orientation for placement on a
printed circuit board is not a concern. Its robust construction
makes it ideally suitable to endure the thermal stresses
encountered in the soldering, assembling and manufacturing
steps involved in surface mount applications. As the device
is inherently passivated by the fired ceramic material, it will
not support combustion and is thus immune to any risk of
flammability which may be present in the plastic or epoxy
molded parts used in industry standard packages.
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Speed of Response

The clamping action of the ML suppressor depends on a
conduction mechanism similar to that of other semiconduc-
tor devices. The response time of the zinc oxide material
itself has been shown to be less than SOOps[3,4, 51.The
apparent slow response time often associated with zinc
oxide is due to parasitic inductance in the package and
leads. Thus, the single most critical element affecting the
response time of any suppressor is its lead length and,
hence, the inductance in the leads. As the ML suppressor is
a true surface mount device, with no leads or external pack-
aging, it has virtually zero inductance. In actual applications,
the estimation of voltage overshoot is of more practical
relevance than that of speed of response. As a multilayer
suppressor has essentially zero inductance it has little or no
voltage overshoot. The actual response time of a ML surge
suppressor is 1ns to Sns. This response time is more than
sufficient for the transients which are likely to be encoun-
tered by a component on a printed circuit board.

Clamping Voltage

The clamping voltage of a suppressor is the peak voltage
appearing across the device when measured under the con-
ditions of a specified pulse current and specified waveform.
The industry recommended waveform for clamping voltage
is the 8/20llS pulse which has been endorsed by UL, IEEE
and ANSI. The clamping voltage of the ML should be the
level at which a transient must be suppressed to ensure that
system or component failure does no occur. Shunt-type sup-
pressors like the ML are used in parallel to the systems they
protect. The effectiveness of shunt suppressors can be
increased by understanding the important influence that
source and line impedance play in a system, such as is
shown in Figure S.

SYSTEM
TO BE

PROTECTED

FIGURE 5. VOLTAGE DIVISION BETWEEN SOURCE, LINE
AND SUPPRESSOR IMPEDANCE

To obtain the lowest clamping voltage (Vel possible, it is
desirable to use the lowest suppressor impedance
(ZSUPPRESSOR) and the highest line impedance (ZUNE)' The
suppressor impedance is an inherent feature of the device,
but the line impedance can become an important factor, by
selecting location of the suppressor, or by adding resis-
tances or inductances in series.

v _ VSUPPRESSOR x VSOURCE

C - 'ZSUPPRESSOR + ZLiNE + ZSOURCE

Temperature Dependence

In the off state, the V-I characteristics of the ML suppressor
approaches a linear (ohmic) relationship and shows a
temperature dependent affect (Figure 6). The suppressor is
in a high resistance mode (approaching 1090) and appears
as a near open circuit. This is equivalent to the leakage
region in a traditional zener diode. Leakage currents at max-
imum rated voltage are in the microamp range. When clamp-
ing transients at higher currents (at and above the milliamp
range), the ML suppressor approaches a near short circuit.
Here the temperature variation in the characteristics of the
ML becomes minimal throughout the full peak current and
energy range (Figure 7). The clamping voltage of a
multilayer transient voltage suppressor is the same at +2SoC
and at +12SoC.
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FIGURE 7. CLAMPING VOLTAGE VARIATION OVER
TEMPERATURE

Peak Current Capability

The peak current handling capability, and hence its ability to
dissipate transient energy, is one of the ML suppressor's
best features. This is achieved by the interdigitated construc-
tion of the ML, which ensures that a large volume of
suppressor material is available to absorb the transient
energy. This structure ensures that the peak temperatures
generated by the transient is kept low, because all of the
package is available to act as an effective, uniform heat sink
and absorb all the energy.



(Figure 8). Because of the low peak temperatures, the ML
will experience very low thermal stress, both during heating
and cooling.
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FIGURE 8. INTERDIGITATED CONSTRUCTION

Repetitive pulsing on the ML suppressors (Figure 9) show
negligible shift in the nominal voltage at one milliamp (less
than 3%). There was also a minimal change in the leakage
current of these devices. The Harris ML suppressor can also
operate up to +125°C without any need for derating.

V26MLA1206150A (8120ms) 10,000 PULSES
NOMINAL VOLTAGE AT 1mA

100

10
o 2000 4000 6000 8000 10000 12000

NUMBER OF PULSES

FIGURE 9. REPETITIVE PEAK PULSE CAPABILITY

Capacitance

The ML suppressor is constructed by building up a compos-
ite assembly of alternate layers of ceramic material and
metal electrode. Since capacitance is proportional to area,
and inversely proportional to thickness, the lower voltage
ML's have a relatively high capacitance. Typical values of
capacitance are shown in Table 2.

TABLE 2. TYPICAL CAPACITANCE VALUES FOR 1206
MULTILAYER FAMILY

CAPACITANCE (pF)

FREQUENCY (AT BIAS = 1Vp•p)

DEVICE TYPE 1kHz 10kHz 100kHz 1MHz

V5.5MLA1206 6250 5680 5350 5000

V14MLA1206 2750 2500 2360 2200

V18MLA1206 2100 1930 1830 1700

V26MLA1206 1000 910 860 800

V33MLA1206 600 550 520 500

V42MLA1206 550 520 480 450

V56MLA1206 410 380 360 350

V68MLA1206 190 170 160 150

Size

A principal benefit of the new ML suppressor is their com-
pact size in comparison to other surface mount components.
The ML suppressor could be up to 50 times smaller than the
components they are protecting. The small size of the ML
offers an advantage in the saving of circuit board real estate
and an ease in handling. Additionally, the solder mounting
pads required for ML are much smaller, resulting in even
more circuit board area savings.

The present offering of multilayer suppressor sizes is 1206
(0.120 x 0.060 inches) and 1210 (0.120 x 0.100 inches).

Comparison to Other Transient
Suppressors
Peak Current and Energy Capability

There are many design trade-offs involved in selecting the
best transient suppression device for a given application. As
previously mentioned, the large active electrode area
available to the ML ensures that it's peak current handling
capability is one of it's best features. Thus, by virtue of its
construction, the ML is capable of dissipating significant
amounts of energy over a small volume. The interdigitated
construction of the ML means that the very high
temperatures resulting from a transient occurrence will be
dissipated through millions of P-N junctions. This is unlike a
silicon suppressor, which has only one P-N junction
available to handle a peak transient. Additionally, because
many different materials with varying thermal coefficients of
expansion are employed in the construction of a zener TVS,
more extreme thermal stresses are created in transient
energy dissipation and in the resulting temperature cycling.
In an attempt to overcome this shortcoming, a number of
silicon die are placed in series in a sandwich construction,
with a metal header to act as a heat sink and solder pellets
for bonding (Figure 10). This construction is designed to
distribute the transient energy in more than one P-N
junction, and will somewhat reduce the steep temperature
build up. The reliability of such an approach is questionable.
The metal sandwich is not completely effective in increasing
the thermal capacity for transient pulses below 50!ls,
because of the thermal time constant involved in
transporting the energy (heat) from where it is generated
(the silicon die) to the metal heat sink. Though high energy
transients are much less frequent than low energy ones, it
takes only one transient to completely damage the transient
protector, and hence the component or circuit being
protected. A device with no other function than to keep
dangerous transients away from components may become
the source of the problem if it shorts or opens, and leaves
the circuit without protection. In the ML TVS, millions of P-N
junctions are an integral part of the device structure, and it is
this inherent advantage which gives excellent thermal
properties.
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Comparing the typical peak current/power derating curves of
the Harris multilayer to an equivalent silicon suppressor at
+1250C, the ML has 100% of rated value while the zener
diode has only 35% (Figure 11).
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Clamping Voltage

A well defined voltage avalanche characteristic is the best
feature of a low voltage zener diode device, although it
requires a high leakage current rating to achieve this. These
diodes, recommended for the protection of 5V logic, have
elevated temperature leakage specifications of 1000llA at
their rated voltage. The leakage current of a zener diode can
be reduced by specifying a higher voltage rated device, but
this results in a higher clamping voltage and reduces the
advantages of the zener diode.

The V-I characteristic for a zener diode is defined over a
small current range (1 decade). The ML current range is
extended over a few more decades, which illustrates it's
large peak current and energy handling capability.

Temperature Effects

Both the ML and the zener diode have a temperature depen-
dance with respect to off state leakage current, with leakage
current increasing as temperature increases. However,
beyond the breakdown point, the clamping voltage of the ML
will remain constant between +250C and +1250C, while the
clamping voltage for the zener diode at +125°C is higher
than that specified at +250C.

Speed of Response

Unfortunately, speed of response ratings do not represent
the realizable response times of the transient suppressor in
a typical system application. Traditional transient suppres-
sors, zener diode and metal oxide varistors, for example,
have finite lead inductance, and their response time is lim-
ited (slowed) by these parasitic lead inductances. This limita-
tion has been recognized by the IEEE committees on
transient suppressors, with the conclusion that the response
time of a suppressor is influenced by lead configuration and
length. Unlike the leaded surface mount packages used in
zener diodes, the ML suppressor is a true surface mount
device. Since the ML has no leads, it has virtually no induc-
tance and the principal factor contributing to response times
is eliminated.

Up to now, the only surface mounted surge suppressors
available are leaded gull-wing and j-bend zener diodes or a
relatively large surface mount metal oxide varistor. In such
cases a large area of the PC board is needed for mount
down. Electrically equivalent ML suppressors are as much
as three to four times as small than their silicon counter-
parts, resulting in significant surface mount PC board area
savings (Figure 12). The compact size of the ML TVS is
driven by the advantages of paralleled stacking, resulting in
a high density energy absorber where the device volume is
not taken up by lead frames, headers, external leads, and
epoxy. Additional board area savings are realized with the
smaller solder mounting area required by the ML as
compared to the gull-wing or j-bend packages (Figure 13).
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Protection of Integrated Circuits and Low Voltage
Circuits

Protection against the coupling of transients are mainly
required at two locations on the printed circuit board. The
first is at the input/output port which affords protection of sen-
sitive inputs to line drivers and receivers. The second location
is at the power input to the integrated circuits at the input side
of the board. This location will serve to keep the transient
threat from transmitting throughout the rest of the board.

In the past, IC's have been protected by means of decou-
piing capacitors across the input power supply lines. The
capacitors suppressed transients and supplied peak current
for high speed switching operations. Unfortunately, the
energy stored in the capacitor, and with it it's suppression
capability, is very small: E = 1/2 • C • V2.

Large electrolytic capacitors are usually placed on the output
of the 5V supply. These capacitors are bulky and somewhat
ineffective because of their poor high frequency response.
Crowbars are also used to sense overvoltages. The crowbar
functions such that an overvoltage shorts the output until the
input fuse or circuit breaker opens, thereby turning the sys-
tem off. Other concerns to consider as well as the power
supplies and supply circuitry, are the input and output termi-
nals carrying information. As long as the interconnections
are short, transients do not seem to be a problem. However,
when connections from board-to-board, system-to-system,
or system-to-sensor are considered transients must be con-
trolled (see Figure 14).[7)

SYSTEM 1

5V

SYSTEM 2

5V

If the distances become long or interconnections between
systems result in transient pick-up, then transient suppres-
sion is a pre-requisite. Devices that are more effective than
resistors and capacitors are needed to provide the neces-
sary protection. Small spark gaps and silicon suppressors
have been used quite effectively, but spark gaps still need a
zener diode to reduce the initial voltage rise that triggers the
spark gaps.

Silicon suppressors, with their almost ideal V-I characteris-
tics, are used quite extensively. However, zeners have low
current-surge capabilities and are of limited value as a tran-
sient suppressor when a relatively high magnitude transient
is encountered. Surge capability is low because the thermal
mass of the silicon chip, where all the energy of the tran-
sients is to be converted into heat, is so small. Peak temper-

atures can become so high that part of the silicon will melt,
and the device will fail. On the other hand, there are zener
diodes specifically designed for transient suppression. The
thermal mass of these devices is increased by attaching
more copper to the silicon pellet. This approach helps, but it
does not eliminate the basic problem. The transient energy
is still converted into heat in the silicon pellet. The heat trav-
els somewhat faster to the surrounding mass of copper.
However, the large temperature differentials still exist. The
mismatch of the thermal coefficient of expansion between
the silicon and copper will create shearing forces that may
lead to failures due to thermal fatigue.

The low voltage V5.5MLA1206 may be used to protect inte-
grated circuits requiring 5V on the input, e.g. all integ- rated
circuits, systems containing low voltage IC's, memories, test
equipment, data processing equipment, etc. The suppressor
should be connected upstream form the IC to be protected.
The maximum clamping voltage of the sup- pressor depends
on the maximum transient current. If the clamping voltage is
too high and the signal currents are low, a hybrid arrange-
ment of a multilayer suppressor and a series impedance (an
inductor or resistor) may be an effective and low cost solution.
The series impedance should be as large as possible without
distorting or attenuating the signal appreciably. The clamping
voltage of the suppressor should be low, but high enough to
prevent attenuation or distortion of the signal.

CMOS Protection
Latch-up is a phenomenon inherent in the basic CMOS
structure. It is initiated by external conditions, is present only
momentarily, and once induced is difficult to reverse, except
by complete removal of power to the Chip. LatCh-up results in
large current flow from Vee to ground. It can be triggered by
an increasing voltage across the power terminal, such as an
excessive voltage at the Vee pin (normally well above the
maximum Vee rating of the device). This can be prevented by
connecting a low voltage ML transient suppressor across Vee.

Unfortunately, even if the systems power supply variations
are kept small, individual inputs can still vary widely. Latch-
up is also known to occur in CMOS systems when voltage
supplied to an input exceeds the supply voltage. Again, tran-
sients can be the culprit; the wrong sequence in power-up or
power-down may have the same effect. A ML suppressor
connected from Vee to ground will eliminate most of the
latch-up problems caused by input over voltage. Additionally
a ML suppressor connected from input to ground will help to
protect the input from damaging transients such as electro-
static discharge (Figure 15).
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FIGURE 15. PROTECTION OF CMOS DEVICES

The new Harris V3.5MLA1206 represents a new method of
protecting next generation 3.5V CMOS logic. New genera-



to overvoltage stress. No equivalent transient protection
device currently available in a surface mount package can
provide this level of protection.

Discrete MOSFET Protection

Over the years there has been an increasing migration from
bipolar technology to MOSFET technology. This has
resulted in an increase in the need for transient protection,
for the system using the MOSFET. One reason for this is that
a MOSFET is more susceptible to damage from electrostatic
discharges than a bipolar transistor. Additionally, to take full
advantage of the MOSFET, the voltage margins needed in a
design should be minimized. This is because the
incremental voltage increase for a MOSFET is more
expensive than an equivalent incremental voltage increase
for a bipolar transistor.

When protecting the MOSFET transistor, its exceptionally
fast switching times (50ns to 100ns) must also be consid-
ered. The consequences of this fast switching time is a "ring-
ing" in the wiring inductances connecting the MOSFET to the
other components, resulting in the MOSFET being subjected
to short duration transient voltages. By clamping these tran-
sients to a safe low level it may be possible to use a lower
cost MOSFET in the application. It is important when using a
ML suppressor to connect it as close as possible to the drain
and source leads of the MOSFET, in order to minimize the
loop inductance. As the ML suppressor is a true surface
mount package and has no lead inductance, this ensures that
the MOSFET does not to suffer the additional transient volt-
age overshoot associated with leaded suppressors.

To protect the output of the MOSFET, the ML suppressor is
connected between the drain and source (Figure 16). This ML
must have a steady state voltage capability (VM(DC))which
exceeds the worst case possible maximum supply voltage. Its
clamping voltage at a peak transient current must be less than
the minimum breakdown voltage of the MOSFET. For exam-
ple, to protect against transients on a 28V ±10% supply, the
V33MLA1206 ML suppressor with VM(DC)of 33V can be
used. According to the transient V-I curves of the ML data
sheet, this will protect a MOSFET with a 60V minimum break-
down from an approximate 10A transient pulse.

FIGURE 16. DISCRETE MOSFET PROTECTION

Additionally a ML suppressor can be used to protect the
input of a discrete MOSFET from the threat of an ESD tran-
sient. In the protection of a MOSFET driven with a 10V gate
drive, the V14MLA1206 or V14MLA1210 suppressor should
be connected from gate to source. These devices will protect
against ESD pulses of 2kV to 25kV.

The ML can also be used to protect MOSFETs (and bipolar
transistors) from the transients generated when switching
inductive loads. In this case, the ML selected must be able to
dissipate the energy generated by the repetitive nature of
these inductive load transient pulses (the average power of
these transients must not exceed 0.25W).

Automotive System Protection

The increased use of surface mount technology in the auto-
motive industry has resulted in the need for smaller, more
densely packed boards with devices which have the perfor-
mance capabilities of traditional through hole components.

The transient conditions which may occur in the automobile is
one of the best documented, and best understood transient
environments. A load dump transient will develop when an
alternator charging a flat battery is suddenly removed from the
system. Peak voltages up to 125V may develop and can last
for 200ms-400ms. Another common transient phenomena is
a jump start which is generated when using a 24V truck bat-
tery to start a car. This overvoltage may be applied for up to 3
to 5 minutes. Other transients result from relays and solenoids
switching on and off, and from fuses blowing.

Table 3 shows some sources, amplitudes, polarity, and
energy levels of generated transients in the automotive elec-
trical systeml8).

TABLE 3. TYPICAL AUTOMOTIVE SUPPLY TRANSIENT
SUMMARY

ENERGY

LENGTH CAPABILITY FREQUENCY
OFTRAN- VOLTAGE OF

SIENT CAUSE AMPLITUDE OCCURRENCE

Steady FailedVoltage ~ Infrequent
State Regulator +18V
3-5 Minutes Jump Startswith ~ Infrequent

24V Battery ±24V
200msto LoadDump; >10J Infrequent
400ms Disconnectionto <125VBatteryWhileat

HighCharging
<320ms Inductive-Load <1J Often

SwitchingTran- -300Vtosient +80V
200ms AlternatorField < 1J EachTurn-Off

Decay -100Vto
-40V

gOms IgnitionPulse, <O.5J <500Hz
BatteryDiscon- <75V SeveralTimesin
nected VehicleLife

1ms MutualCoupling <1J Often
in Harness <200V

1511S IgnitionPulse, <O.OO1J <500Hz
Normal 3V Continuous

AccessoryNoise <1.5V 50Hzto 10kHz
Transceiver =20mV R.F.
Feedback



Extension of Contact Life

When relays or mechanical switches are used to control
inductive loads, it is often necessary to derate the contacts
to SO%of their resistive load rating due to the wear caused
by the arcing of the contents. This arcing is caused by the
stored energy in the inductive load. Each time the current in
the inductive coil is interrupted by the mechanical contacts,
the voltage across the contacts increases until the contacts
arc. When the contacts are, the voltage across the arc
decreases and the current in the coil can increase some-
what. The extinguishing of the arc causes an additional volt-
age transient which can again cause the contacts to arc. It is
not unusual for restriking to occur several times with the total
energy in the arc several times that which was originally
stored in the inductive load. It is this repetitive arcing that is
so destructive to the contacts. A ML can be used to prevent
initiation of the arc.

Knowing the energy absorbed per pulse, the pulse repetition
rate and the maximum operating voltage is sufficient to
select the correct size ML suppressor. It is necessary to
ensure that the device selected is capable of dissipating the
power generated in the coil(91.

Part Number Nomenclature

The part number of the ML device gives the following basic
information:

MLA 1206

l:DEVICE SIZE:
1206= 0.120' x 0.060'
1210= 0.120' x 0.100'
SERIES DESIGNATION:
MultilayerSuppressors
MAXIMUM CONTINUOUS
WORKING VOLTAGE: VM(ocl

Description of ML Ratings and Characteristics

Maximum Continuous DC Working Voltage
(VM(DC): This is the maximum continuous de voltage which
may be applied up to the maximum operating temperature
(+12S0C) of the ML. This voltage is also used as the refer-
ence test point for leakage current. This voltage is always
less than the breakdown voltage of the device.

Maximum Continuous AC RMS Working Voltage
(VM(AC): This is the maximum continuous sinusoidal rms
voltage which may be applied. This voltage may be applied
at any temperature up to +12SoC.

Maximum Non-Repetitive Surge Current (ITM): This is the
maximum peak current which may be applied for an 8/20~s
impulse (Figure 17), with the VM(DC)or VM(AC)voltage also
applied, without causing device failure. This pulse can be
applied to the ML suppressor in either polarity.

Maximum Non-Repetitive Surge Energy (WTM): This is
the maximum rated transient energy which may be dissipated
for a single current pulse of 10/1000~s, with the rated VM(DC)
or VM(AC)voltage applied, without causing device failure.

Maximum Clamping Voltage (VC>: This is the peak voltage
appearing across the ML suppressor when measured for an
8/20~s impulse and specified pulse current. The clamping
voltage is shown for a current range of 1mA to SOA in the
maximum transient V-I characteristic curves.

Leakage Current (Ill: This is the amount of current drawn
by the ML in its non-operational mode, i.e. when the voltage
applied across the ML does not exceed the rated VM(DC)or
VM(AC)voltage.

Nominal Voltage (VN(DC): This is the voltage at which the
ML begins to enter its conduction state and suppress tran-
sients. This is the voltage defined at the 1mA point and has
a minimum and maximum voltage specified.

Capacitance (C): This is the capacitance of the ML when mea-
sured at a frequency of 1MHz with 1Vp.p voltage bias applied.
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T = Time From10%10 90%of Peak
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T2 = VirtualTimeto HalfValue(ImpulseDuration)

Example: For an 8/2011S CurrentWaveform:
811S = T1 = VirtualFronlTime

2011S = T2 = VirtualTimeto HalfValue

Soldering

The principal techniques used for the soldering of compo-
nents in surface mount technology are Infra Red (IR) Reflow;
Vapour Phase Reflow and Wave Soldering. Before solder-
ing, the board and components must first be cleaned. A I, I,
I, trichloroethane cleaning solvent in an ultrasonic bath, with
a cleaning time of 2-S minutes, is recommended for this
operation. When wave soldering, the ML suppressor is
attached to the substrate by means of an epoxy resin. When
the epoxy adhesive is cured, the assembly is placed on a
conveyor and run through the soldering process. With IR
and vapour phase reflow the device is placed in a solder
paste on the substrate. As the solder paste is heated it
reflows and solders the unit to the board.

With the ML suppressor, the recommended solder paste is a
60/40 Tin/Lead (5n/Pb). While this configuration is best, a
solder paste consisting of 62/36/2 (Sn/Pb/Ag) or a 63/37
(5n/ Pb) can also be used with excellent results.
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In soldering applications, the ML suppressor is held at ele-
vated temperatures for a relatively long period of time. The
wave soldering operation is the most strenuous process, as
the components are immersed in the molten solder for sev-
eral seconds. To avoid the possibility of stresses due to ther-
mal shock occurring, a pre-heat stage in the soldering
process is recommended, and the peak temperature of the
solder bath should be rigidly controlled. When using the
reflow process, care should be taken to ensure that the ML
chip is never subjected to a thermal gradient steeper than 4
degrees per second; the ideal gradient being 2 degrees per
second. When soldering preheating to within 100 degrees of
the peak temperature is essential to minimize thermal shock.
Some examples of typical soldering conditions are given in
Table 4.

SOLDERING TIME TEMPERATURE
OPERATION (SECONDS) (OC)

IR Reflow 5 -10 220

Wave Solder 3-5 260
Vapour Phase 5 -10 222

Once the soldering process has been completed, it is still
necessary to ensure that any further thermal shocks are
avoided. One possible cause of thermal shock is hot printed
circuit boards being removed from the solder bath and sub-
jected to cleaning solvents at room temperature. The boards
must be allowed to cool to less than 50 degree celsius
before final cleaning.

[1] "An Overview of Electrical Overstress Effects on Semi-
conductor Devices," D.G. Pierce and D.L. Durgin,
Booz-Allen & Hamilton, Inc., Albuquerque, NM.

[2] "Harris Semiconductor Application Note AN9003".

[3] "Protection of Electronic Circuits From Overvoltages",
Ronald B. Standler, 1989.

[4] "ZnO Varistors for Transient Protection," L.M. Levinson,
and H.R. Phillip, IEEE Trans. Parts, Hybrids and Pack-
aging, 13:338-343, 1977.

[5] "ZnO Varistors for Protection Against Nuclear Electro-
magnetic Pulses," H.R Phillip, and L.M. Levinson, 1981.

[6J "Overshoot: A Lead Effect in Varistor Characteristics,"
Fisher, FA, G.E. Company, Schnectady, NY, 1978.

[7J "Harris Semiconductor Application Note AN9003".

[8J "Harris Semiconductor Application Note AN9002".

[9J "Transient Voltage Suppression Devices", Harris Semi-
conductor DB450.
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Soldering Recommendations for Surface Mount Metal Oxide
Varistors and Multilayer Transient Voltage Suppressors

Authors: Marty Corbett and Neil McLoughlin

In recent years, electronic systems have migrated towards
the manufacture of increased density circuits, with the same
capability obtainable in a smaller package or increased
capability in the same package. The accommodation of
these higher density systems has been achieved by the use
of surface mount technology (SMT). Surface mount technol-
ogy has the advantages of lower costs, increased reliability
and the reduction in the size and weight of components
used. With these advantages, surface mount technology is
fast becoming the norm in circuit design.

The increased circuit densities of modem electronic systems
are much more vulnerable to damege from transient overvolt-
ages than were the earlier circuits, which used relays and vac-
uum tubes. Thus, the progress in the development of faster
and denser integrated circuits has been accompanied by an
increase in system vulnerability. Transient protection of these
sensitive circuits is highly desirable to assure system survival.
Surface mount technology demands a reliable transient volt-
age protection technology, packaged compatibly with other
forms of components used in surface mount technology.

Harris Semiconductor has led the field in the introduction of
surface mount transient voltage suppressors. These devices
encompass voltages from 3.5Voc to 275VAC and have a
wide variety of applications. Their size, weight and inherent
protection capability make them ideal for use on surface
mount printed circuit boards.

There are two standard series of Harris surface mount surge
suppressors. The CH SERIES metal oxide varistors which
encompass voltages from 14Voc to 275VAC and the new
ML SERIES which covers a voltage range from 3.5Voc to
68Voc·

A metal oxide varistor (MOV) is a non-linear devica which
has the property of maintaining are relatively small voltage
change ~cross its terminals while a disproportionately large
surge current flows through it (Figure 1). When the MOV is
connected in parallel across a line its non-linear action
serves to divert the current of the surge and hold the voltage
to a value that protects the equipment connected to the line.

Since the voltage across the MOV is held at some level
higher than the normal line voltage while surge current flows,
there is energy deposited in the varistor during its surge
diversion function.

FIGURE 1. Vol CHARACTERISTICS OF A MOV

The basic conduction mechanism of a MOV results from semi-
conductor junctions (P-N junctions) at the boundaries of the
zinc oxide grains. A MOV is a multi junction device with millions
of grains acting as a series parallel combination between the
electrical terminals. The voltage drop across a single grain in
nearly constant and is independent of grain size.

The CH series of surface mount metal oxide varistors are of
a monolayer construction in a 5mm by 8mm package size.
They are fully symmetrical and are passivated both top and
bottom (Figure 2). The main advantage of this technology is
its high operating voltage capability (68Voc to 275VAd. The
CH SERIES of metal oxide varistors are supplied in both 7"
and 13" tape and reels.

ELECTRODE PASSIVATION
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FIGURE 2. CROS5-SECTlON OFTHE "CH" SERIES OF METAL
OXIDE VARISTORS



The Harris multilayer (ML) series of surface mount surge
suppressors are of a multilayer construction. This technol-
ogy, represents a recent breakthrough in its application to
transient voltage suppression.

The ML varistor is constructed by forming a combination of
alternating electrode plates and semiconducting ceramic
layers into a block. Each alternate layer of electrode is
connected to opposite end terminations (Figure 3). The
interdigitated block formation greatly enhances the available
cross-sectional area for active conduction of transients. This
paralleled arrangement of the inner electrode layers repre-
sents significantly more active surface area than the small
outline of the package may suggest. The increased active
surface area results in proportionally higher peak energy
capability.

A further advantage of this type of construction is that the
breakdown voltage of the device is dependent on the thick-
ness between the electrode layers (dielectric thickness) and
not the overall thickness of the device.

The ML suppressor is a surface mountable device that is
much smaller in size than the components it is designed to

protect. The present size offerings are 1206, 1210. 1812 and
2220, with voltage ranges form 3.5Voc to 68Voc. Its robust
construction makes it ideally suitable to endure the thermal
stresses involved in the soldering, assembling and
manufacturing steps involved in surface mount technology.
As the device is inherently passivated by the fired ceramic
material, it will not support combustion and is thus immune
to any risk of flammability which may be present in the
plastic or epoxy molded parts used in industry standard
packages.

There are a wide choice of substrate materials available for
use as printed circuit boards in a surface mount application.
The main factors which determine the choice of material to
use are:

2. Size and Weight Limitations

3. Thermal Characteristics

When choosing a substrate material, the coefficient of
thermal expansion of a Harris surface mountable suppressor
of 6ppmt'C is an important consideration. Non-organic
materials (ceramic based substrates), like aluminum or beril-
Iia, which have coefficients of thermal expansion of
5-7ppmoC, are a good match for the CH and ML series
devices. Table 1 outlines some of the other materials used,
and also their more important properties pertinent to surface
mounting.

While the choice of substrate material should take note of
the coefficient of expansion of the devices. This may not be
the determining factor in whether a device can be used or
not. Obviously the environment of the finished circuit board
will determine what level of temperature cycling will occur. It
is this which will dictate the criticality of the match between
device and PCB. Currently for most applications, both the
CH and ML series use FR4 boards without issue.

MATERIAL PROPERTIES

GLASS TRANSITION XV COEFFICIENT OF THERMAL THERMAL CONDUCTIVITY
SUBSTRATE STRUCTURE TEMPERATURE (OC) EXPANSION (ppmI"C) (WlMoC)

Epoxy Fiberglass-FR4 125 14-18 0.16

Polyamide Fiberglass 250 12-16 0.35

Epoxy Aramid Fiber 125 6-8 0.12

FiberfTeflon Laminates 75 20 0.26

A1uminium-beryillia (Ceramic) Not Available 5-7 21.0



Fluxes are used for the chemical cleaning of the substrate
surface. They will completely remove any surface oxides, and
will prevent re-oxidation. They contain active ingredients such
as solvents for removing soils and greases. Nonactivated
fluxes ("R" type) are relatively effective in reducing oxides of
copper, nickel or palladium/silver metallizations and are
recommended for use with the Harris surface mount range.

Mildly activated fluxes ("RMA" type) have natural and
synthetic resins, which reduce oxides to metal or soluble
salts. These "RMA" fluxes are generally not conductive nor
corrosive at room temperature and are the most commonly
used in the mounting of electronic components.

The "RA" type (fully activated) fluxes are corrosive, difficult to
remove, and can lead to circuit failures and other problems.
Other non-resin fluxes depend on organic acids to reduce
oxides. They are also corrosive after soldering and also can
damage sensitive components. Water soluble types in
particular must be thoroughly cleaned from the assembly.

Environmental concerns, and the associated legislation, has
led to a growing interest in fluxes with residues that can be
removed with water or water and detergents (semi-aqueous
cleaning). Many RMA fluxes can be converted to water
soluble forms by adding saponifiers. There are detergents and
semi-aqueous cleaning apparatus available that effectively
remove most RMA type fluxes. Semi-aqueous cleaning also
tends to be less expensive than solvent cleaning in operations
where large amounts of cleaning are needed.

For the Harris Semiconductor range of surface mount
varistors, nonactivated "R" type fluxes such as Alpha 100 or
equivalent are recommended.

Land pad size and patterns are one of the most important
aspects of surface mounting. They influence thermal, humidity,
power and vibration cycling test results. Minimal changes (even
as small as 0.005 inches) in the land pad pattem have proven
to make substantial differences in reliability.

This design/reliability relationship has been shown to exist
for all types of designs such as in J lead, quadpacks, chip
resistors, capacitors and small outline integrated circuit
(SOIC) packages. Recommended land pad dimensions are
provided for some surface mounted devices along with
formulae which can be applied to different size varistors.
Figure 4 gives recommended land patterns for the direct
mount ML and CH series devices.
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TABLE 2. RECOMMENDED MOUNTING PAD OUTLINE

DIMENSION

SUPPRESSOR 0.020W
FAMILY T+M L-(MX2) (W +0.010)

5 X 8 CH Series 2.21 5.79 5.50
(0.087) (0.228) (0.216)

1206 ML Series 1.65 1.85 2.62
(0.065) (0.073) (0.103)

1210 ML Series 1.85 1.85 3.73
(0.073) (0.073) (0.147)

1812 ML Series 1.85 3.20 4.36
(0.073) (0.126) (0.172)

2220 ML Series 1.84 4.29 6.19
(0.073) (0.169) (0.240)

Solder Materials and Soldering
Temperatures
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No varistor should be held longer than necessary at an
elevated temperature. The termination materials used in
both the CH and ML series devices are enhanced silver
based materials. These materials are sensitive to exposure
time and peak temperature conditions during the soldering
process (Figure 5). The enhanced silver formulation contains
either platinum, palladium or a mixture of both, which have
the benefit of significantly reducing any leaching effects
during soldering. To further ensure that there is no leeching
of the silver electrode on the varistor, solders with at least
2% silver content are recommended (62 Sn / 36 Pb / 2 Ag).
Examples of silver bearing solders and their associated
melting temperatures are as follows:
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MELTING TEMPERATURE

ALLOY of °c
62 Sn 136 Pb 12 Ag 355 179

96.5 Sn 13.5 Ag 430 221

95Sn/5Ag 430-473 221-245

20 Sn 188 Pb 12 Ag 514-576 268-302

5 Sn 192.5 Pb 12.5 Ag 536 280

There are a number of different soldering techniques used in
the surface mount process. The most common soldering
processes are infrared reflow, vapor phase reflow and wave
soldering.

With the Harris surface mount range, the solder paste
recommended is a 62/36/2 silver solder. While this
configuration is best, other silver solder pastes can also be
used. In all soldering applications, the time at peak
temperature should be kept to a minimum. Any temperature
steps employed in the solder process must, in broad terms,
not exceed lOoC to 80°C. In the preheat stage of the reflow
process, care should be taken to ensure that the chip is not
subjected to a thermal gradient of greater than 4 degrees
per second; the ideal gradient being 2 degrees per second.
For optimum soldering, preheating to within 100 degrees of
the peak soldering temperature is recommended; with a
short dwell at the preheat temperature to help minimize the
possibility of thermal shock. The dwell time at this preheat
temperature should be for a time greater than 10T2 seconds,
where T is the chip thickness in millimeters. Once the
soldering process has been completed, it is still necessary to
protect against further effects of thermal shocks. One
possible cause of thermal shock at the post solder stage is
when the hot printed circuit boards are removed from the
solder and immediately subjected to cleaning solvents at
room temperature. To avoid this thermal shock affect, the
boards must first be allowed to cool to less than 50°C prior
to cleaning.

Two different resistance to solder heat tests are routinely
performed by Harris Semiconductor to simulate any possible
effects that the high temperatures of the solder processes
may have on the surface mount chip. These tests consist of
the complete immersion of the chip in to a solder bath at
260°C for 5 seconds and also in to a solder bath at 220°C
for 10 seconds. These soldering conditions were chosen to
replicate the peak temperatures expected in a typical wave
soldering operation and a typical reflow operation.

There are two major reflow soldering techniques used in
SMTtoday:

1. InfraRed (IR) Reflow

2. Vapor Phase Reflow

The only difference between these two methods is the
process of applying heat to melt the solder. In each of these
methods precise amounts of solder paste are applied to the
circuit board at points where the component terminals will be
located. Screen or stencil printing, allowing simultaneous
application of paste on all required points, is the most
commonly used method for applying solder for a reflow
process. Components are then placed in the solder paste.
The solder pastes are a viscous mixture of spherical solder
powder, thixotropic vehicle, flux and in some cases, flux
activators.

During the reflow process, the completed assembly is
heated to cause the flux to activate, then heated further,
causing the solder to melt and bond the components to the
board. As reflow occurs, components whose terminations
displace more weight, in solder, than the components weight
will float in the molten solder. Surface tension forces work
toward establishing the smallest possible surface area for
the molten solder. Solder surface area is minimized when
the component termination is in the center of the land pad
and the solder forms an even fillet up the end termination.
Provided the boards pads are properly designed and good
wetting occurs, solder surface tension works to center
component terminations on the boards connection pads.
This centering action is directly proportional to the solder
surface tension. Therefore, it is often advantageous to
engineer reflow processes to achieve the highest possible
solder surface tension, in direct contrast to the desire of
minimizing surface tension in wave soldering.

In designing a reflow temperature profile, it is important that
the temperature be raised at least 20°C above the melting or
liquidus temperature to ensure complete solder melting, flux
activation, joint formation and the avoidance of cold melts.
The time the parts are held above the melting point must
belong enough to alloy the alloy to wet, to become homoge-
nous and to level, but not enough to cause leaching of
solder, metallization or flux charring.

A fast heating rate may not always be advantageous. The
parts or components may act as heat sinks, decreasing the
rate of rise. If the coefficients of expansion of the substrate
and components are too diverse or if the application of heat
is uneven, fast breaking or cooling rates may result in poor
solder joints or board strengths and loss of electrical
conductivity. As stated previously, thermal shock can also
damage components. Very rapid heating may evaporate low
boiling point organic solvents in the flux so quickly that it
causes solder spattering or displacement of devices. If this
occurs, removal of these solvents before reflow may be
required. A slower heating rate can have similar beneficial
effects.

InfraRed (IR) Reflow

InfraRed (IR) reflow is the method used for the reflowing of
solder paste by the medium of a focused or unfocused infra-
red light. Its primary advantage is its ability to heat very
localized areas.

The IR process consists of a conveyor belt passing through
a tunnel, with the substrate to be soldered sitting on the belt.



The tunnel consists of three main zones; a non-focused pre-
heat, a focused reflow area and a cooling area. The unfo-
cused infrared areas generally use two or more emitter
zones, thereby providing a wide range of heating profiles for
solder reflow. As the assembly passes through the oven on
the belt, the time/temperature profile is controlled by the
speed of the belt, the energy levels of the infrared sources,
the distance of the substrate from the emitters and the
absorptive qualities of the components on the assembly.

The peak temperature of the infrared soldering operation
should not exceed 220°C. The rate of temperature rise from
the ambient condition to the peak temperature must be
carefully controlled. It is recommended that no individual
temperature step is greater than BOoC. A preheat dwell at
approximately 150°C for 60 seconds will help to alleviate
potential stresses resulting from sudden temperature
changes. The temperature ramp up rate from the ambient
condition to the peak temperature should not exceed 4°C
per second; the ideal gradient being 2°C per second. The
dwell time that the chip encounters at the peak temperature
should not exceed 10 seconds. Any longer exposure to the
peak temperature may result in deterioration of the device
protection properties. Cooling of the substrate assembly
after solder rellow is complete should be by natural cooling
and not by forced air.

The advantages of IR Reflow are its ease of setup and that
double sided substrates can easily be assembled. Its biggest
disadvantage is that temperature control is indirect and is
dependent on the IR absorption characteristics of the com-
ponent and substrate materials.

On emergence from the solder chamber, cooling to ambient
should be allowed to occur naturally. Natural cooling allows a
gradual relaxation 01 thermal mismatch stresses in the
solder joints. Forced air cooling should be avoided as it can
induce thermal breakage.

The recommended temperature profile for the IR reflow
soldering process is as Table 4 and Figure 6.

INFRARED (IR) REFLOW

TEMPERATURE (OC) TIME (SECONDS)

25-60 60

60-120 60

120-155 30

155-155 60

155-220 60

220-220 10

220-50 60
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Vapor phase reflow soldering involves exposing the
assembly and joints to be soldered to a vapor atmosphere of
an inert heated solvent. The solvent is vaporized by heating
coils or a molten alloy, in the sump or bath. Heat is released
and transferred to the assembly where the vapor comes in
contact with the colder parts of the substrate and then
condenses. In this process all cold areas are heated evenly
and no areas can be heated higher than the boiling point of
the solvent, thus preventing charring of the flux. This method
gives a very rapid and even heating affect. Further advan-
tages of vapor phase soldering is the excellent control 01
temperature and that the soldering operation is performed in
an inert atmosphere.

The liquids used in this process are relatively expensive and
so, to overcome this a secondary less expensive solvent is
often used. This solvent has a boiling temperature below
50°C. Assemblies are passed through the secondary vapor
and into the primary vapor. The rate of flow through the
vapors is determined by the mass of the substrate. As in the
case of all soldering operations, the time the components sit
at the peak temperature should be kept to a minimum. The
dwell time is a function of the circuit board mass but should
be kept to a minimum.

On emergence from the solder system, cooling to ambient
should be allowed to occur naturally. Natural cooling allows a
gradual relaxation of thermal mismatch stresses in the
solder joints. Forced air cooling should be avoided as it can
induce thermal breakage.

The recommended temperature profile for the vapor phase
soldering process is as Table 5 and Figure 7.

zo
-l/)~w0 •...-0
~z
ll.
oct



VAPOR PHASE REFLOW

TEMPERATURE (DC) TIME (SECONDS)

25-90 8

90-150 13

150-222 3

222-222 10

222-80 7

80-25 10

225

225
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This technique, while primarily used for soldering thru hole
or leaded devices inserted into printed circuit boards, has
also been successfully adapted to accommodate a hybrid
technology where leaded, inserted components and adhe-
sive bonded surface mount components populate the same
circuit board.

The components to be soldered are first bonded to the
substrate by means of a temporary adhesive. The board is
then fluxed, preheated and dipped or dragged through two
waves of solder. The preheating stage serves many func-
tions. It evaporates most of the flux solvent, increases the
activity of the flux and accelerates the solder wetting. It also
reduces the magnitude of the temperature change experi-
enced by the substrate and components.

The first wave in the solder process is a high velocity
turbulent wave that deposits large quantities of solder on all
wettable surfaces it contacts. This turbulent wave is aimed at
solving one of the two problems inherent in wave soldering

surface mount components, a defect called voiding (i.e.
skipped areas). One disadvantage of the high velocity turbu-
lent wave is that it gives rise to a second defect known as
bridging, where the excess solder thrown at the board by the
turbulent wave spans between adjacent pads or circuit
elements thus creating unwanted interconnects and shorts.

The second, smooth wave accomplishes a clean up
operation, melting and removing any bridges created by the
turbulent wave. The smooth wave also subjects all previous
soldered and wetted surfaces to a sufficiently high
temperature to ensure good solder bonding to the circuit and
component metallizations.

In wave soldering, it is important that the solder have low
surface tension to improve its surface wetting characteristics.
Therefore, the molten solder bath is maintained at tempera-
tures above its liquid point.

On emergence from the solder wave, cooling to ambient
should be allowed to occur naturally. Natural cooling allows a
gradual relaxation of thermal mismatch stresses in the
solder joints. Forced air cooling should be avoided as it can
induce thermal breakage.

The recommended temperature profile for the wave solder-
ing process is as Table 6:

WAVE SOLDER

TEMPERATURE (DC) TIME (SECONDS)

25-125 60

125-180 60

180-260 60

260-260 5

260-180 60

180-80 60

80-25 60

The objective of the cleaning process is to remove any
contamination from the board, which may affect the
chemical, physical or electrical performance of the circuit in
its working environment.

There are a wide variety of cleaning processes which can be
used, including aqueous based, solvent based or a mixture
of both, tailored to meet specific applications. After the
soldering of surface mount components there is less residue
to remove than in conventional through hole soldering. The
cleaning process selected must be capable of removing any



contaminants from beneath the surlace mount assemblies.
Optimum cleaning is achieved by avoiding undue delays
between the cleaning and soldering operations; by a
minimum substrate to component clearance of 0.15mm and
by avoiding the high temperatures at which oxidation occurs.

Harris recommends 1, 1, 1 trichloroethane solvent in an
ultrasonic bath, with a cleaning time of between two and five
minutes. Other solvents which may be better suited to a
particular application and can also be used may include one
or more of the following:

Non-Wetting:

This defect is caused by the formation of oxides on the
termination of the components. The end termination has

been exposed to the molten solder material but the solder
has not adhered to the surlace; base metal remains
exposed. The accepted criterion is that no more than 5% of
the terminated area should remain exposed after an immer-
sion of 5 seconds in a static solder bath at 220°C, using a
nonactive flux.

Leaching:

This is the dissolving of the chip termination into the molten
solder. It commences at the Chip corners, where metal
coverage is at a minimum. The result of leaching is a weaker
solder joint. The termination on the Harris surlace mount
suppressors consist of a precious metal alloy which
increases the leach resistance capability of the component.
Leach resistance defined as the immersion time at which a
specified proportion of the termination material is visibly lost,
under a given set of soldering conditions.

De-Wetting:

This condition results when the molten solder has coated the
termination and then receded, leaving irregularly shaped
mounds of solder separated by areas covered with a thin
solder film. The base metal is not exposed.

[1] Transient Voltage Suppression Devices Manual
(08450), Harris Semiconductor.

[2] CANE SMT 2588, Syler Technology Limited, UK.
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Harris Intelligent Power

The need for transient protection in integrated circuits is
driven by the quest for improved reliability at lower cost. The
primary efforts for improvement are generally directed
toward the lowest possible incidence of over-voltage related
stresses. While electrical over-stress (EOS) is always a
potential cause for failure; a discipline of proper handling,
grounding and attention to environmental causes can reduce
EOS causes for failure to a very low level. However, the
nature of hostile environments cannot always be predicted.
Electrostatic Discharge (ESD) in some measure, is always
present and the best possible ESD interface protection may
still be insufficient. As the technology of solid state
progresses, the occurrence of ESD related IC failures is not
uncommon. There is a continuing tendency for both ESD
and EOS failures, due in part, to the smaller geometries of
today's VLSI circuits.

The solid state industry has generally acknowledged a stan-
dard for the level of capability in LSI designs of ±2000V for
the Human Body Model where the defined capacitance is
100pF and the series resistance is 1500Q. However, this
level of protection may not be adequate in many applications
and can be difficult to achieve in some VLSI technologies.
Normal precautions against ESD in the environment of
broad based manufacturing are often inadequate. The need
for a more rugged IC interface protection will continue to be
an established goal.

Historically, it should be recognized that early IC develop-
ment began to address the ESD problem when standards for
handling precautions did not exist. High energy discharges
were a common phenomena associated with monitor and
picture tube (CRT) applications and could damage or
destroy a solid state device without direct contact. It was
recognized that all efforts to safe-guard sensitive devices
were not totally sufficient. Small geometry signal processing
circuits continued to sustain varying levels of damage
through induced circulating currents and direct or indirect
exposure in handling. These energy levels could be
substantially higher than the current standard referenced in
MIL-STD-3015.7; also referred to as the Human Body
Model.

The recognized need for improved ESD protection was first
precipitated under harsh handling conditions; particularly in
applications that interfaced to human contact or from the
interaction of mechanical parts in motion. The popular
features of component and modular electronic equipment
have continued to generate susceptibility to IC damage

while in continuing use. These market items include comput-
ers and peripherals, telecommunication equipment and con-
sumer electronic systems. While some IC's may only see the
need for ESD protection while in manufacturing assembly or
during service in the field, the most common cause for ESD
failures can still be related to a human contact. Moreover,
educational efforts have improved today's manufacturing
environment substantially reduce failures that relate to the
mechanical handling. The ESD failure causes that relate to
mechanical handling now have a test standard referred to as
a Machine Model which relates to the source of the
generated energy.

While the electrical model for an energy source is generally
accepted as a capacitor with stored charge and a series
resistance to represent the charge flow impedance, the best
means to handle the high energy discharge is not so clearly
evident. The circuit of Figure 1 illustrates the basic concept
that is applied as a method of ESD testing for the Human
Body Model. The ESD energy source is shown as a charged
capacitor Co and series connected, source impedance,
resistor RD. The point of contact or energy discharge is
shown, for test purposes, as a switch external to the IC. A
protection structure is often included on an IC to prevent
damage from an ESD energy source. To properly protect the
circuit on the IC the on-chip switch, Ss, is closed when a
discharge is sensed and shunts the discharge energy
through a low impedance resistor (Rs) to ground. It is
imperative that the resistance of the discharge path be as
low as practical to limit dissipation in the protection structure.
It is not essential that the ground be the chip substrate or the
package frame. The energy may be shunted via the shortest
path external to the chip to an AC or DC ground.

POINT OF ENERGY
OISCHARGE\
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IC(CHIP)
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FIGURE 1. ESD TEST FOR AN ON-CHIP PROTECTION CIRCUIT
USING THE MIL-STD-883, METHOD 3015.7 (HUMAN
BODY MODEL)



This conceptual method has been used in many IC designs
employing a wide variation of structures, depending the IC
technology and degree of protection needed. The switch, Ss
is generally a threshold sensitive turn-ON at some voltage
level above or below the normal signal range; however, it
must be within the a safe operating range of the device
being protected. The resistance, Rs is shown as the inherent
series resistance of the protection structure when it is
discharging (dumping) the ESD energy. In its simplest forms,
the protection structures may be diodes and zeners, where
the sensing threshold is the forward turn-ON or zener
threshold of the device. The inherent resistance becomes
the bulk resistance of the diode structure when it is conduct-
ing. Successful examples of two such protection structures
that have been used to protect sensitive inputs to MOS
devices are shown in Figure 2. The back-to-back zener
structure shown for the dual-gate MOSFET was employed in
the 3N - dual gate MOS devices before IC technology was
firmly established. The series poly and stacked diode
structure used to shunt ESD energy followed several
variations for use in CMOS technology and was employ in
the CD74HC/HCT - High Speed CMOS family of logic
devices. This CMOS protection structure is capable of meet-
ing the 2000V requirements of MIL-STD-883, Method
3015.7; where the Ro in Figure 1 is 1500n and Co is 100pF.

FIGURE2. ESD AND TRANSIENT PROTECTION EFFECTIVELY
USED IN MOS AND CMOS DEVICES

Due to greater emphasis on Reliability under harsh applica-
tion conditions, more ruggedized protection structure have
been developed. A variety of circuit configurations have
been evaluated and applied to use in production circuits. A
limited introduction to this work was published in various
papers by L. Avery (See Bibliography). To provide the best
protection possible within economic constraints, it was
determined that SCR latching structures could provide very
fast turn-ON, a low forward on resistance and a reliable
threshold of switching. Both positive and negative protection
structures were readily adapted to bipolar technology. Other
defining aspects of the protection network included the
capability to be self-protecting to a much higher level than
the signal input line being protected. Ideally, when a
protection circuit is not otherwise needed, it should have no
significant loading effect on the operating circuit. As such, it
should have very little shunt capacitance and require
minimal series resistance to be added to the signal line of
the active circuit. Also, where minirnal capacitance loading is
essential for a fast turn-ON speed, the need for a simpler
structure is indicated.

The switching arrangement for a basic and simple protection
structure is shown in Figure 3. Each high side and low side
protection structure (Rs and Ss) is an embedded device,
taking advantage of the P substrate and epitaxial N material
used in bipolar technology. Each cell contains an SCR with a
series dropping resistor to sense an over-voltage turn-ON
condition and trip the SCR (Switch Ss) into latch. The ON-
resistance (Rs) of the latched SCR is much lower than Ro
and, depending on the polarity of the ESD voltage, dumps
energy from the input signal line through the positive or neg-
ative switch to ground. The return to ground for either ESD
polarity is not limited by voltage supply definition, but may be
to positive or negative supply lines, if this suits the needs of
the application. When the energy is dissipated and forward
current no longer flows, the SCR automatically turns-OFF.

SIGNAL

INPUT { RD

ESD
ENERGY l~
SOURCE

~CD

Ssi~
FIGURE 3. ESD AND TRANSIENT PROTECTION CIRCUIT

Figure 4 shows the diagram of a positive and negative cell
protection circuit as it applies to the SP720. The PNP and
NPN transistor pairs are used as the equivalent SCR
structures. Protection in this structure allows forward turn-
ON to go marginally above the +V supply to turn-ON the
high-side SCR or marginally below the -V supply to turn-ON
the low-side SCA. The signal line to the active device is
protected in both directions and does not add series imped-
ance to the signal input line. A shunt resistance is used to
forward bias the PNP device for turn-ON but is not directly
connected to the signal line. As an on-chip protection cell,
this structure may be next to the input pad of the active
circuit; which is the best location for a protection device.
However, for many applications, the technology of the active
chip may not be compatible to structures of the type
indicated in Figure 4. This is particularly true in the high
speed CMOS where the substrates are commonly N type
and connected to the positive supply of the chip. The protec-
tion cell structure shown in Figure 4 is not required to be on
the active chip because it does not sense series input
current to the active device. The sense mechanism is
voltage threshold referenced to the V+ and V- bias voltages.

The cell structure of the SCR pair of Figure 4 are shown in
the layout sketch and profile cutouts of Figure 5. It should be
noted that the layout and profiles shown here are equivalent
structures intended for tutorial information. The structures
are shown on opposite sides of the 'IN" chip bonding pad, as
is the case for the SP720. As needed for a preferred layout,

zo-en!;:w
O~-0
~z
ll.
<I::



the structures are adjacent to the pad and as close to the
positive and negative supply lines as possible. The common
and best choice for effective layout is to provide a ground
ring (V-) around the chip and to layout with minimum dis-
tance paths to the positive supply (V+). In the SP720 the V-
line is common to the substrate and frame ground of the IC.

The equivalent circuit diagram of the SP720 is shown in
Figure 6. Each switch element is an equivalent SCR
structure where 14 positive and negative pairs as shown in
Figure 4 are provided on a single chip. Each positive switch-
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ing structure has a threshold reference to the V+ terminal,
plus one VSE (based-to-emitter voltage equal to one diode
forward voltage drop). Similarly, each negative switching pair
is referenced to the V- terminal minus one VSE'

The internal protection cells of the SP720 are directly
connect to the on-chip power supply line (+V) and the
negative supply line (-V), which are substantial in surface
metal content to provide low dropping resistance for the high
peak currents encountered. Since both positive or negative
transients can be expected, the SCR switches direct the
positive voltage energy to V+ and the negative voltage
sourced energy to V- (substrate) potential to provide fast
turn-ON with low ON resistance to protect the active circuit.

FIGURE 6. EQUIVALENT CIRCUIT DIAGRAM OF THE SP720

The V+ and V- supply lines of the SP720 are not required to
be the same as those of the circuit to be protected. However,
over-voltage protection is referenced to the V+ and V- supply
voltages for all of the signal input terminals, IN1-IN7 and
IN9-IN15. The V+ and V- supply voltages to the SP720 may
be changed to suite the needs of the circuit under protection.
The range of voltage may be power supply levels ranging
from 4.5V up to the 35V maximum rating of the SP720.
Lower levels of voltage are possible but with some degrada-
tion of the switching speed which is nominally 6ns. Also, the
input capacitance which is nominally 3pF can be expected to
increase. There is no significant quiescent current in the
SP720 other than reverse diode junction current which
nominally less than SOnA over the rated -40°C to +1OSoC
operating temperature. At room temperatures, this may be
as low as a few nanoamperes. Because of the low
dissipation of the SP720, the chip temperature can be
expected to be close to the environment of the physical
location where it is applied to use.

Protection Levels of the SP720

For a given level of voltage or power, there is a defined
degree of protection compatible to that need. For the SP720,
the protection circuits are designed to clamp over-voltage
within a range of peak current that will substantially improve
the survival input expectancy of average monolithic silicon

circuits used for small signal and digital processing applica-
tions. Within itself, the SP720 should be expected to survival
peak current and voltage surges within the maximum ratings
defined in the data sheet. For voltage, the static DC and
short duration transient capability is essentially the same.
The process capability is typically better than 4SV, allowing
maximum continuous DC supply ratings to be conservatively
rated at 3SV. The current capability of anyone SCR section
is rated at 2A peak but is duration limited by the transient
heating effect on the chip. As shown in Figure 7, the resis-
tance of the SCR, when it is latched, is approximately 0.960
and the SCR latch threshold has 1.08V of offset. For EOS,
the peak dissipation can be calculated as follows:

For: 2A Peak Current, RD = 1S000,

Then: V1N(PK)= 1.08V (Offset) + (0.960 x 2A) = 3V

The peak dissipation is PD = 3V x 2A = 6W

TA = +2SoC
(SINGLE PULSED CURVE)

EQUIV SERIES RESISTANCE
IS EQUAL TO:

Rs = 0.48V 10.SA = 0.960
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FIGURE 7. SCR FORWARD CURRENT vs VOLTAGE
CHARACTERISTICS

While 2A through 1S000 is 3000V, which is not an excep-
tionally high ESD level of voltage, it does represent the EOS
capability, provided the time duration for the 6W of dissipa-
tion is limited to a few milliseconds. The dissipation of the 16
pin DIP and 16 pin SOIC packages are typically less than
1W for steady state conditions. The thermal capacity of the
chip will allow discharge levels several times higher than this
because ESD normally has a much shorter duration. The
actual results for ESD tests on the SP720 as an isolated
device are as follows:

1. Human Body Model using a modified version of the MIL-
STD-883, Method 301S.7; with V+ and V- grounded and
ESD discharge applied to each individual IN pin - Passed
all test levels from ±9kV to ±16kV (1kV steps).

2. Human Body Model using the MIL-STD-883, Method
301S.7 (with V- only grounded) and ESD discharge
applied to each individual IN pin - Passed all test levels to
±6kV, failed ±7kV (1kV steps).
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3. Machine Model using EIAJ IC121 (RD = On); discharge
applied to IN pins with all others grounded - Passed all
test levels to ±1kV, failed ±1.2kV; (200V steps).

4. While there are many potential uses for the SP720, the
circuit of Figure 8 shows a normal configuration for
protecting input lines to a sensitive digital IC. Each line is
connected to an IN- Input of the SP720 in a shunt
connection. As a test model a 2).1digital ASIC CMOS IC
was used to evaluate the ESD level of capability provided
by the SP720. Without external protection, the ESD level
of capability of the CMOS process was typically no better
than ±2.5kV. When the SP720 was applied to use as
shown in Figure 8, the ESD resistance to damage was
better than ±10.2kV. (Higher levels were not evaluated at
the time due to high voltage limitations.)

INPUT
DRIVERS

OR
SIGNAL

SOURCES

SP720 INPUT
PROTECTION CIRCUIT
(1 OF 14 ON CHIP)

It should be noted that the MIL-STD-883, Method 3015.7
test allows for one pin as a reference when testing. While
this cannot be disputed as handling limitation, it is not a test
for all aspects of applied use. To properly apply the SP720 to
use in the application specifically requires that the V- pin be
connected to a negative supply or ground and the V+ pin be
connected to a positive supply. The SP720 was designed to
be used with the supply terminals bias and, as such, has
better than ±16kV of ESD capability. For this reason, the
modified test method as described, with the V+ pin
connected via a ground return, is correct when the circuit is
assembled for use.

LINEAR OR
DIGITAL IC
INTERFACE



Where the need to provide ESD protection for CMOS circuits
is the primary interest for the application of the SP720, inter-
face characteristics of the device to be protected may lead to
some specific problems. Application related issues and pre-
cautions are discussed here to assist the circuit designer in
achieving maximum success in EOS/ESD protection.

CMOS Input Protection

CMOS logic has limited on-chip protection and may contain
circuit elements that add difficulty to the task of providing
external protection. Consider the case where the input struc-
ture of a CMOS device has on-chip protection but only to the
extent that it will withstand Human Body Model minimum
requirement for ESD when tested under the MIL-STD-883,
Method 3015.7. This is normally ±2kV where the charged
capacitor is 100pF and the series resistor to the device
under test is 1500Q. The circuit of Figure 9 shows the typical
network for an HC logic circuit where the input polysilicon
resistor, Rp is typically 120Q.

When there is a surge or ESD voltage applied to the input
structure, the diodes shunt current to Vcc or GND to protect
the logic circuits on the Chip. The on-chip series resistors
limit peak currents. If there is a positive transient voltage,
Vcs(t), applied to the input of the CMOS device, the diode,
D1 will conduct when the forward voltage threshold exceeds
the power supply voltage, Vcc plus the forward diode volt-
age drop of D1, VFWD1' As the voltage at the input is further
increased, the CMOS current, Ics is shunted through Rp and
D1 to Vcc such that the transient input voltage is

Vcs(t); Ics(t}eRp + VFWD1+Vcc [for Pas, Vcs(t)] (Ea. 1)

or

Similarly, when there is a negative transient, current initially
conducts at the negative threshold of diode D2, VFWD2 to
shunt negative current at the input, i.e.

Vcs(t); Ics(t}eRp +VFWD2 [for Neg. Vcs(!)]

or

ICS(t) ; [Vcs(t) - VFWD2J/Rp (EO.2A)

While the circuit of Figure 9 is specifically that of the HC
logic family (one cell of the Hex Inverter, 74HCU04), many
CMOS devices have a similar or an equivalent internal pro-
tection circuit. When compared to the SCR structure of the
SP720, the on-chip diodes of the protection network in
Figure 9 have lower conduction thresholds.
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FIGURE 10. SP720 SCR INTERFACE TO A CMOS INPUT WITH R,
ADDED TO ILLUSTRATE MORE EFFECTIVE ESD
PROTECTION FOR CMOS DEVICES

SP720 to CMOS Interface

Figure 10 shows the SCR cell structures of one protection
pair in the SP720. In this example, the V+ of the SP720 is
connected to the Vcc logic supply and the V- is connected to
logic GND. The IN terminal of the SP720 is connected to the
CMOS logic device input through a resistor R,. When a neg-
ative transient voltage is applied to the input circuit of Figure
10, the Reverse SCR Protection Circuit turns on when volt-
age reaches the forward threshold of the PNP device and
current conducts through the SCR resistor to forward bias
the PNP transistor. The PNP device then supplies base cur-
rent to forward bias and turn on the NPN device. Together,
the PNP and NPN transistors form an SCR which is latched
on to shunt transient current from IN to V-. The Forward
SCR Protection Circuit has the same sequence for turn on
when a positive transient voltage is applied to the input and
conducts to shunt transient current from IN to V+ (Vcc).

The Voltage-Current characteristic of the SCR is similar to a
diode at low currents but changes to low saturated on resis-
tance at high currents. As shown in the SP720 data sheet,
the forward SCR (latched on) voltage is -1 V at 60mA which
is -0.2V higher than a typically junction diode. The fully satu-
rated turn on approaches a.5A at 1.5V. When the SCR is
paralleled with the a CMOS device input having an on-chip
protection circuit equivalent to Figure 9, some of the current
necessary to latch the SCR is shunted into the CMOS input.
For some devices this may be sufficient for an ESD dis-
charge to damage the CMOS input structure before the
SP720 is latched on.

The trade-off for achieving a safe level of ESD protection is
switching speed. The most effective method is the addition
of the series resistor, R1 as shown in Figure 10. The series
input resistor, as shown, is a practical method to limit current
into the CMOS chip during the latch turn on of the SP720
SCR network. The value of R, is dependent on the safe level
of current that would be allowed to flow into the CMOS input
and the loss of switching speed that can be tolerated. The
level of transient current, Ics that is shunted into the CMOS
device is determined by the series resistor, R, and the volt-
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age developed across the CMOS protection devices, Rp and
01 or O2, plus some contribution from the path of diode, 03
for negative transients.
As shown in Figure 11, the voltage across the SP720 SCR
element is determined by its turn on threshold, VTHand the
saturated resistance, Rs when latched. The empirically
derived equation for the voltage drop across the SP720 volt-
ageis
Vsp(t); Isp(t)oRs+ VTH (EO.3)

or

Isp{t); [V sp(t) - VTHl/{Rs)

where VTH- ±1. 1V and Rs - 1Q.
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FIGURE 11. FORWARD TURN ON CHARACTERISTIC OF AN
SP720 SCR CELL

where current conduction in the SP720 may be positive or
negative, depending on the polarity of the transient. For the
circuit of Figure 10, Vs(t) is also the input voltage to the
resistor, R1 in series to the input of the CMOS device. When
latched on, the impedance of the SP720 is much less than
the input impedance of either R1 or the CMOS input protec-
tion circuit. Therefore, the CMOS loop current can be deter-
mined by the voltage, Vs(t) and the known conditions from
Equation 3.

For a negative transient input to the CMOS HCU04, the
loop equation is
Vs(t) ; Ics(t)o(RI+ Rp)+ VFWD2 (EO.4)

or

Ics(t) ; [Vs{t) - VFWD2V(R1 + Rp) (EO.4A)

An equation solution for an input transient may be more
directly solved by empirical methods because of the non-lin-
ear characteristics. Given a transient voltage, Vs(t) at the
input, a value for R1 can be determined for a safe level of
peak current into a CMOS device. The input Voltage-Current
characteristic of CMOS device should be known. As a first
order approximation, the CMOS V-I curve tracer input char-
acteristics of the 74HCU04 are shown in Figure 12. As indi-
cated in Figure 12, the voltage drop across Rp and R1 in

series (Rp-120Q) will be significantly larger than the delta
changes in the forward voltage drop of the 01 or O2 diodes
over a wide range of current. As such, we can effectively
assume VFWD - 0.75V for moderate levels of current.
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Example Transient Solution

Based on the circuit of Figure 10, negative and positive ESO
discharge circuit models of the SP720 and HCU04 are shown
in Figure 13A and 13B. The negative ESO voltage is taken as
the worse case condition because a positive ESO voltage will
discharge to the VCC power supply and the positive offset
voltage will reduce the forward current. Using the negative
model, a peak current value for Isp can be determined by the
transient conditions of the applied voltage, Vs(t) at the input.
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Given MIL-STO ESO HBM test conditions (CD = 100pF and
Ro = 1500n), Equation 3 with the resistors Ro and Rs in
series, we can calculate the peak current for a specified volt-
age, Vo on the capacitor, Co.

lsp(t) = [Volt) . VTHV(RD+ Rs) - VD(t)/RD (Ea. 5)

Here, Vo replaces Vs as the driving voltage; and assumes that
(1) Rs is much less than Ro; (2) Rs is much less than (R1 + Rp);
and (3) VTHis much less than Vo. This mayor may nDtbe the
general case but is true for the values indicated here. As such,

[IspIt:0 - V011500.

Given an ESO discharge Df -15KV, neglecting inductive
effects and distributed capacitance, the peak current at time
t = 0 will be -lOA. And, with the SP720 latched on as shown
in Equation 3, the lOA peak current will result in an ESO
pulse at the input of the SP720 of -11 V. For the HCU04 to
withstand this surge of voltage, it is required that the drop-
ping resistor, R1 attenuate the peak voltage, Ves at the
HCU04 input to within acceptable ratings.

The negative reverse current path is through R1, Rp and O2;
where Rp and O2 are part of the HCU04. For a negative ESO
discharge voltage, Vo from capacitor Co, the equation for the
peak voltage, Ves at the input to the HCU04 is derived as fol-
lows:

Substituting Equation 5 into Equation 3, we have

Vs - (VoIRD)oRs-1.1 (Ea. 6)

and from Equation 2 and Equation 4A, a general solution for
the Ves voltage is

Vcs = [(Vs - VFWD2)/(RI+ Rp)JoRp+ VFWD2 (Ea. 7)

For a simpler approach, one can work backwards to arrive at
the correct solution. The reverse CMOS voltage vs current
curve of Figure 11 indicates that a peak voltage, Ves of -3V
will produce a negative current of approximately -20mA
which is the rated absolute maximum limit. For a -15kV ESO
discharge and from Equation 6, the peak voltage, Vs is

Vs=(VoIRo)oRs-l.l = (-15/1500)-1.1 =-11.1V

The peak current, les from Equation 4A is

Ics = [(Vs - VFWD2)/(RI+ Rp)J

= [(-11.1-(-0.7))]/(R1+ 120Q)

Given the les current of -20mA and solving for R1,

R1 = 397.5Q

The same result can be derived from Equation 7 but is more
susceptible to rounding errors and the assumed voltage
drop of VFW02 due to the (Ves - VFW02) difference that
appears in the equation.

The approximation solution given here is based on a ±20mA
current rating for the HCU04 device; although, input voltage
ratings are exceeded at this level of current. As such, the
solutiDn is intended to apply Dnly tD ShDrtduratiDn pulse con-
ditions similar tD the MIL-STO-883, MethDd 3015.7 specifica-
tiDns fDr ESO discharge cDnditiDns. FDr long periDds of
sustained dissipation, the SP720 is limited by the rated
capability of its package.
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REVERSE VOLTAGE (Vs) TO THE SP720IHCU04INPUT (V)

FIGURE 14. MEASURED REVERSE CURRENT vs VOLTAGE
CHARACTERISTIC OF THE SP720/HCU04 FOR
THE FIGURE 10 CIRCUIT PROTECTION MODE

Figure 14 shDws the distributiDn Df currents for the circuit of
Figure 10 given a specific value of R1• Curves are shown for
both Is (HCU04 + SP720) and Isp (SP720) versus a negative
input voltage, Vs. The resistor, R1 value of 10n is used here
primarily to sense the current flow into the HCU04. (This
data was taken with the unused inputs to the HCU04 con-
nected to ground and the unused inputs to the SP720 biased
to Vee/2 on a resistive divider.) The Figure 14 curves verify
the model condition of Figure 13A with the exception that
resistive heating at higher currents increases the resistance
in the latched on SCR. This curve explains the ESO protec-
tion of the Harris High Speed Logic "HC" family and, in par-
ticular, demonstrates the value of the Rp internal resistor as
protection for the HCU04 gate input. Addeti series resis-
tance external to a signal input is always recommended for
maximum ESO protection.

Range of Capability

While the SP720 has substantially greater ESO self protection
capability than small signal or logics circuits such as the
HCU04, it ShDUldbe understood that it is not intended for
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interface protection beyond the limits implied in the data sheet
or the application note. The MIL-STD-883, Method 3015.7
condition noted here defines a human body model of 100pF
and 15000 where the capacitor is charged to a specified level
and discharged through the series resistor into the circuit
being tested. The capability of the SP720 under this condition
has been noted as ±15kV. And, for a machine model where
no resistance is specified, a 200pF capacitor is discharged
into the input under test. For the machine model the level of
capability is ±1kV; again demonstrating that the series resistor
used in the test or as part of the application circuit has pro-
nounced effect for improving the level of ESD protection.

While a series resistor at the input to a signal device can
greatly extend the level of ESD protection, a circuit applica-
tion, for speed or other restrictions, may not be tolerant to
added series resistance. However, even a few ohms of resis-
tance can sUbstantially improve ESD protection levels. Where
an ESD sensitive signal device to be protected has no internal
input series resistance and interfaces to a potentially damag-
ing environment, added resistance between the SP720 and
the device is essential for added ESD protection. Circuits
often contain substrate or pocket diodes at the input to GND
or Vcc. and will shunt very high peak currents during an ESD
discharge. For example, if the HCU04 of Figure 14 is replaced
with device having a protection diode to ground and no series
resistor, the anticipated increase in input current is 10 times.

Shunt capacitance is sometimes added to a signal input for
added ESD protection but, for practical values of capacitance,
is much less effective in suppressing transients. For most
applications, added series resistance can substantially
improve ESD transient protection with less signal degradation.

A further concern for devices to be protected is forward or
reverse conduction thresholds within the power supply range
(not uncommon in analog circuits). Depending on the cost
considerations, the power supply V+ and V- levels for the
SP720 could be adjusted to match specific requirements.
This may not be practical unless the levels are also common
to an existing power supply. The solution of this problem
goes beyond added series resistance for improved protec-
tion. Each case must be treated with respect to the precise
V-I input characteristics of the device to be protected.

Where separate system components with different power
supplies are used for the source signal output and the
receiving signal input, additional interface protection circuitry
maybe needed. The SP720 would normally have the same
power supply levels as the receiving (input) device it is
intended to protect. When the SP720 with its receiving inter-
face circuit is powered off, a remote source signal may be
activated from a separate supply (i.e., remote bus connected
systems). The user should be aware that the SP720 remains
active when powered down and may conduct current from
the IN input to the V+ (or V-) supply.

Within its own structure, any IN input of the SP720 will for-
ward conduct to V+ when the input voltage increases to a
level greater than a VSEthreshold above the V+ supply. Sim-
ilarly, the SP720 will reverse conduct to V- when the input
voltage decreases to a level less than a VSEthreshold below
the V- supply. Either condition will exist as the V+ or V- level
changes and will continue to exist as the V+ collapses to
ground (or V-) when the SP720 supply is switched off. If a
transient or power surge is provided from the source input to
the IN terminal of the SP720, after the V+ has been switched
off, forward current will be conducted to the V+/Vcc power
supply line. Without a power supply to clamp or limit the ris-
ing voltage, a power surge on the input line may damage
other signal devices common to the Vcc power supply.
Bypassing the Vcc line may not be adequate to protect for
large energy surges. The best choice for protection against
this type of damage is to add a zener diode clamp to the Vcc
line. The zener voltage level should be greater than Vcc but
within the absolute maximum ratings of all devices powered
from the Vcc supply line.

Power Supply Off Protection, Rise/Fall Speed

To illustrate the active switching of the SP720 and the speed
of the SCR for both turn on and turn off, oscilloscope traces
were taken for the circuit conditions of Figure 15. A pulse input
signal is applied with NO supply voltage applied to the SP720.
Figure 15 shows the positive and negative pulse conditions to
V+ and V- respectively. The trace scales for Figure 15 are
10ns/division horizontal and 1V/division vertical. Input and
output pulses are shown on each trace with the smaller pulse
being the output. The smaller output trace is due to an offset
resulting from the voltage dropped across the SCR in forward
conduction. The OUT+ and OUT- pulses quickly respond to
the rising edge of the input pulse, following within -2ns delay
from the start of the IN pulse and tracking the input signal. The
output falls with approximately the same delay.

1. L.R.Avery,"ElectrostaticDischarge:Mechanisms,Protection
Techniques,and Effectson IntegratedCircuit Reliability",RCA
Review,Vol.45, No.2, June 1984,Pg.291 - 302.

2. L.R.Avery,"UsingSCR'sas TransientProtectionStructuresin
IntegratedCircuits; EOS/ESDSymp.Proc.,1983,Pg.90 - 96.

3. MIL-STD-883D,15 Nov91, ElectrostaticDischargeSensitivity
Classification,Method3015.7,22 Mar89.

4. MachineModelStandard(Ro; On), EIAJIC121.
5. EOS/ESD-DS5.2,ProposedStandard,"EOS/ESDAssociation

Standardfor the Discharge(ESD)SensitivityTesting- Machine
Model(MM)- ComponentLevel,Oct 92.

6. HarrisSemiconductor,SP720,FileNo.2791.5,ElectronicPro-
tection Array for ESD and OvervoltageProtection. (16 Lead
PlasticICavailablein DIPandSOICpackages).

7. HarrisSemiconductor,SP721,FileNo.3590,ElectronicProtec-
tionArrayfor ESDandOvervoltageProtection(8 LeadPlasticIC
in the SP720familyavailablein DIPand SOICpackages).



POSITIVE/FORWARD CONDUCTION
HIGH SPEED ON/OFF PULSE (OUT+)

NEGATIVEIREVERSE CONDUCTION
HIGH SPEED ON/OFF PULSE (OUT-)

FIGURE 15. SP720 CIRCUIT WITH NO POWER SUPPLY INPUT PULSE TEST WITH son, (OV TO ±5V) INPUT. THE TRACE SCALES
FOR OUT+ AND OUT- ARE 1VIDIV VERTICAL AND 10nsIDIV HORIZONTAL
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The development of more sophisticated and less expensive
semiconductors over the last 5 - 10 years has resulted in a
dramatic increase in the consumer electronics market. It is
not uncommon to see thousands of dollars worth of TV,
VCR, music equipment, and computers in todays home.
Accompanying this boom in the consumer market there has
been an increased awareness, by the user, about system
reliability. This is a result of the fact that solid state devices
are very susceptible to stray electrical transients which may
be present in the AC distribution system.

Transient voltages can result from the sudden release of
previously stored energy. Transients are sudden short term
variations in the AC power and can be characterized by
three things; they are undesirable, unpredictable and
potentially destructive.Transients may be generated by light-
ning, inductive load switching, electromagnetic pulses or
electrostatic discharges. They occur randomly throughout
the AC wave, generally lasting from a few microseconds to a
number of milliseconds. Even for this very short time, they
can do incalculable damage. The severity of the damage
caused by the transient depends on, the magnitude of the
transient, its waveshape duration and its frequency of occur-
rence. Electrical overvoltages on AC mains can cause both
permanent deterioration, or temporary malfunctions, of
electronic components and systems.

To be as effective as possible, the optimum transient
suppressor must take into account transients that may be
bidirectional in nature, that may appear at any point on the
AC wave, and that may be of almost any duration. The
suppressor selected needs to address all of the conditions to
be effective.

Not all original equipment manufacturers (OEMs) in the
consumer market design transient. protection into their
equipment. It is, therefore, left to the end user to provide
their own protection. A wide variety of off-the-shelf protectors
are available, the most common types being known as a
"Transient Voltage Surge Suppressor" (TVSS). All major
TVSS manufacturers use metal oxide varistors (MOVs) as
the primary suppression technique in their systems. The use
of correctly selected and installed MOVs have a long and
proven history of successful field performance. Transient
voltage surge suppressors can be obtained as either perma-
nently connected fixtures or as cord and plug connected
units. Permanently connected surge suppressors are an

integral part of the electrical outlet and will protect any
equipment which is plugged into that particular outlet.
Permanently connected suppressors give continuous
protection. Cord and plug connected suppressors are
transportable protectors and will only protect from transients
if they are plugged into an outlet at the time of the transient
occurrence.

The environment in which transient overvoltages occurs
varies dramatically from region to region. Primarily the
problem is that of the enigmatic presence of overvoltage
surges, above the normal system voltage. Overvoltages are
sometimes explainable or sometimes they just suddenly
appear in the electrical system; they may take the form of
disturbances, notches, swells, sags, brownouts, outages or
combinations of the above and are generically known as
transients.

Transients can be divided into two types; normal mode and
common mode. A normal mode transient, sometimes
referred to as a differential or transverse mode, is defined as
a transient which occurs from line to line. Investigatory
studies have shown that approximately 90% of all transients
are normal mode occurrences. A common mode transient
occurs between either line, and ground.

The causes of the surges in an indoor AC electrical system
can be attributed to one of the following causes:

Lightning
Opening or closing of switch contacts under load
Propagation of surges through transformers
Severe load changes in adjacent systems
Power line fluctuations and pulses
Short circuits or blown fuses.

Transients caused by lightning can inject very high currents
into the system. These lightning strikes, usually to the
primary transmission lines, may result in coupling to the
secondary line through mutual inductive or capacitive
coupling. A direct strike is not the only damage lightning can
do. The sudden change in an electrical field that occur
during a cloud-to-cloud discharge can induce substantial
voltages onto primary conductors, triggering lightning arrest-
ers and creating transients.



Man-made switching transients can be of a lesser, but more
frequent threat. Such transients may be unpredictable and
unrepeatable. Switching transients result from the rapid
release of energy, e.g. switching of the power grid can cause
transients which may damage equipment further along the
electrical system.

Studies and laboratory investigation of residential and
industrial low voltage AC power systems have shown that
the amplitude of the transient is proportional to the rate of its
occurrence, i.e. lower magnitude transients occur most
often. Governing standards bodies, in particular UL, IEEE
and ANSI, have established standards which give practical
guidelines to the transient environment one may expect to
encounter in a low voltage AC power system. Typical
examples are the ANSI/IEEE standard C62.41 and UL 1449.

The rate of occurrence of surges varies quite a lot and is
dependent upon a particular power system. Rate of
occurrence is related to the level of surges; low magnitude
surges are more common than high level surges. An area
described as a "low exposure" area would have very little
lightning activity and few switching loads on the AC power
system. A "medium exposure" area is known for high
lightning activity, with frequent and severe switching
transients. When designing equipment for the global
environment it is expedient that it be, at least, designed for
use in an area with "medium exposure" transient
occurrences. "High exposure" areas are rare but real
systems supplied by long overhead transmission lines and
subject to reflections at line ends, where the characteristics
of the installation produce high sparkover levels of the
clearances.

Lightning and switching transients generate overvoltages up
to 10kV on the AC power lines. While this is the case,
electronic equipment virtually never sees anything larger
than 6kV. This is because the wiring systems used in indoor
applications "flash over" at this 6kV level. Therefore, this is
the maximum level that the aforementioned standards
organizations have selected as the upper limit that electrical
equipment is expected to be able to survive. The transient
generated by this "flash over" creates a high energy, low
impedance pulse. The further away from the source of the
transient the protected equipment is located, the more the
energy is absorbed in the wiring impedance and the more
the equipment is protected.

Table 1 reflects the surge voltages and currents deemed to
represent the indoor transient environment in a low voltage
AC power system. When deciding on the type of device to
use as a transient voltage surge suppressor, it is generally
recommended that the device selected have as a minimum
the capability to handle the conditions called out in location
Category B oITable 1.

IMPULSE

LOCATION MEDIUM
CATEGORY WAVEFORM EXPOSURE

A LongBranchCir- 0.511s 6kV
cuitsand Outlets 100kHz 200A

B MajorFeeders 1.2/5Olls 6kV
and ShortBranch 8/20ms 3kA
Circuits

0.511S 6kV
100kHz 500A

Once the decision to include transient suppression has been
made, the next stage in the process is to decide on what
protection technology to use and on how to use it. The
transient suppressor selected must be able to suppress
surges to levels which are below the failure threshold of the
equipment being protected, and the suppressor must survive
a definite number of worst case transients. When comparing
the various devices available considerations must be given
to characteristics such as protection levels required,
component survivability, cost, and size.

The new "C" III series of Harris radial metal oxide varistors
represent the third generation of improvements in device
performance and characteristics. The technology effort
involved in the development of this new series concentrated
on extending the existing performance and capability of the
Harris second generation of metal oxide varistors.

A metal oxide varistor (MOV) is a nonlinear device which
has the property of maintaining a relatively small voltage
change across its terminals while a disproportionately large
surge current flows through it. This nonlinear action allows
the MOV to divert the current of a surge when connected in
parallel across a line and hold the voltage to a value that
protects the equipment connected to that line. Since the
voltage across the MOV is held at some level higher than the
normal line voltage while surge current flows, there is energy
deposited in the varistor during its surge diversion function.

The basic conduction mechanism of a MOV results from
semiconductor junctions (P-N junctions) at the boundaries of
the zinc oxide grains. A MOV is a multi junction device with
millions of grains acting as a series - parallel combination
between the electrical terminals. The voltage drop across a
single grain in nearly constant and is independent of grain
size. The material of a metal oxide varistor is primarily zinc
oxide with small additions of bismuth, cobalt, manganese
and other metal oxides. The structure of the body consists of
a matrix of conductive zinc oxide grains separated by grain
boundaries, which provide the P-N junction semiconductor
characteristics. When the MOV is exposed to surges, the
zinc oxide exhibits a "bulk action" characteristic permitting it
to conduct large amounts of current without damage.

zo
-(/)~w01--0
~za.
oCt



The MOV has many advantages which make it ideal for use
as a suppressor on the low voltage AC power line. The bulk
nature of its construction gives it the required energy
handling capability to handle the secondary level transients
resulting from indirect lightning hits. MOV's are both cost and
size effective, are widely available and do not have a
significant amounts of voltage overshoot. The flexibility of
their manufacture means that a variety of different sizes and
packages are available for transient suppression in the
indoor application.

The characteristics of greatest importance for a metal oxide
varistor in an AC surge environment are the peak current,
energy handling, repetitive surge and temporary overvoltage
capabilities. The focus of the design effort was on improving
these characteristics and therefore offering the maximum
protection presently available to the end user.

The new "CO III series are designed to survive the harsh
environments of the AC low-power indoor environment. Their
much improved surge withstand capability is well in excess
of the transients expected in the AC mains environment.
Further design rules for the development of the "C" III series
included considerations of the expected steady state operat-
ing conditions and the repetitive surge environment.

The worst case transients encountered in the indoor AC
environment may be represented by the combination wave
of 6kV (102/50l1s)and 3kA (8/20l1s). This combination wave
has been selected by Underwriters Laboratories (UL) for
certification of all transient voltage surge suppressors to UL
standard 1449. This standard calls out for a maximum surge
transient withstand capability and also for duty-cycle
withstand capability.

The maximum surge withstand capability of 6kV, 3kA is
proposed for cord and plug connected, direct plug in and
permanently wired receptacle outlet type transient voltage
surge suppressors. These peak transients are applied to the
suppressor a total of three times, with normal line voltage
also applied.

The peak surge current rating of the new 20mm "COIII series
of Harris metal oxide varistors is 9000A. This series of varis-
tors are generally used for the permanently wired receptacle
suppressors. Under the surge current withstand test require-
ments of UL Standard 1449 (3 pulses of 3kA) these devices
have a conservative rating of 20 such pulses. Continued
stress testing at this level has shown an inherent device
capability which commonly in excess of 100 pulses. See
Figure 1.

The peak surge current rating of the new 14mm series of
Harris metal oxide varistors is 6000 amps. This series of
varistors are generally used for both the cord and plug
connected and direct plug in types of suppressors. Under
the surge current withstand test requirements of UL
Standard 1449 (3 pulses of 3kA) these devices have a
conservative rating of 10 such pulses. Continued stress test-
ing of these components at this level has shown an inherent
device capability commonly is in excess of 40 pulses.
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FIGURE 1. TYPICAL REPETITIVE SURGE CURRENT CAPABIL-
ITY OF "C" III SERIES MOVs

As well as the surge current withstand test, UL Standard
1449 also has requirements for suppressor performance in a
repetitive surge environment. The duty-cycle transient
withstand test capability peak voltage and current levels are
6kV and 500A for both the cord and plug connected and
direct plug in suppressors. For the permanently wired
receptacle outlet the test levels are 6kV and 750A. In all
cases the duty-cycle test requirements are for a total of 24
pulses, 12 in alternating directions.

In the case of the 20mm size varistors, used for the
permanently wired receptacle suppressors, their repetitive
surge capability at 750A is 120 times. For the 14mm series of
devices, used in cord and plug connected and direct plug in
suppressors, the repetitive surge withstand capability is 80
pulses at 750A and 150 pulses at 500 amps. As in the previous
case, this rating is conservative. Continued stress testing at the
750A level has shown an inherent device capability which com-
monly is in excess of 250 pulses. See Figure 2.
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FIGURE 2. TYPICAL REPETITIVE SURGE CURRENT CAPABIL·
ITY OF "C" III SERIES MOVs

The transient surge rating serves as an excellent figure of
merit for the "COIII suppressor. This extremely high, inherent
surge handling capability is one of the new "CO III
suppressor's best features. The enhanced surge absorption
capability results from improved process uniformity and
enhanced construction. The homogeneity of the raw material
powder and improved control over the sintering and
assembly processes are contributing factors to this
improvement.



The "C" III series of metal oxide varistors were designed for
use on the AC power line. The varistor is connected across
the line and is biased with a constant amplitude sinusoidal
voltage. If the varistor let through/leakage current increases
with time, the power dissipation will also increase, with the
ultimate possibility of thermal runaway and varistor failure. It
should be noted that the definition of failure is a change in
the nominal varistor voltage (VN) exceeding ±10%, with an
associated increase in the leakage current drawn by the
MOV. Although this type of varistor is still functioning
normally after this magnitude of change, devices at the lower
extremities of VN tolerance may begin to dissipate more
power.

To guard against this possibility, an extensive series of
statistically designed tests were perlormed to determine the
reliability of the "C" III type of varistor under AC bias
combined with high levels of temperature stress. To date,
this test has generated over 50,000 device hours of
operation at a temperature of 125°C. This temperature was
selected in order to accelerate the stress testing, although
the "C" III series are only rated at 85°C. Changes in the
nominal varistor voltage, measured at 1mA, of less than 2%
have been recorded. See Figure 3.
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A range of standard varistors, avalanche diodes, gas tube
arresters and filter capacitors were evaluated under a 6kV,
0.51ls x 100kHz ring wave. This transient replicates that
called out in location Category A of the ANSI/IEEE C62.41,
where most cord and plug connected and direct plug in
suppressors are used, and is the most benign condition
expected in this location. All of the selected devices are
rated for use on a 120VAC line. The results obtained from
this evaluation are per Table 2. The conclusions from this
evaluation were: a) the silicon avalanche diode had the
lowest level of perlormance; b) since location Category A is
the location requiring the smallest sized suppressor, how
can a device which does not survive this testing be
considered an adequate suppressor?

Not only does the avalanche diode fail, but it is also very
expensive when compared with an equivalently rated metal

oxide varistor. There are avalanche diodes available, in the
15kW family, which absorb large amounts of energy and it is
assumed that these devices will meet the transient require-
ments of this test. From a cost comparisons, these devices
may be 15 - 20 times more expensive than an equivalent
MOV.

TABLE 2. COMPARATIVEPERFORMANCEDATA(NOTE:THE
LOWERTHEPROTECTIONLEVELISTHE BETTER)

AVERAGE FAILS/
PROTECTION DEVICE PROTECTION SAMPLE
TECHNOLOGY PART NO. LEVEL(kV) SIZE

MetalOxide V130LA1 0.51 0/10
Varistor V130LA5 0.50 0/10

V130LA10A 0.47 0/10

SiliconAvalanche 1.5KE200C 0.48 2/10
Diode

GasTubeSurge CG2230 0.67 0/10
Arrester

FilterCapacitor C280A· 1.30 0/10
EA4K7

One of the primary requirements for a device rated for sup-
pression of transients on the AC mains is its ability to handle
large amounts of energy. In order for a device to have a high
energy handling capability, it requires a large amount of bulk
material with a high specific heat value in the immediate
vicinity of the P-N junctions. The pnmary material in a metal
oxide varistor is zinc oxide and the average grain size for a
MOV used in an AC application is 20 microns. Observations
over a range of compositional variations and processing
conditions show a fixed voltage drop of between 2V-3V per
grain with boundary junctions evenly distributed along their
edges. In the case of a 14mm varistor, part V130LA 1OC, it
would have an approximate volume of 220mm3 of material in
the immediate vicinity of the P-N grain junctions. An equiva-
lent silicon avalanche diode would have approximately
0.106mm3 in their single P·N junction vicinity. Comparing the
volume of the varistor and the diode in the immediate vicinity
of the junction, the varistor has more than 2000 times a
larger mass available. Thus, the peak temperature in the
bulk material of the varistor per energy absorbed is much
lower than that for the single silicon avalanche diode junc-
tion. It is the millions of P-N junctions, which are an integral
part of the MOV structure, that gives it excellent thermal and
energy handling properties.

Reliability Performance of He" III Series
MOVs
While the electrical ratings and characteristics of the "C" III
series of MOVs are conservatively rated, samples of these
devices have been subjected to a number of additional
electrical and environmental stresses, over and above those
specified. The results of this testing show an enhanced
device perlormance. A summary of the reliability tests
perlormed on the "C" III series are shown in Table 3.
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REFERENCE TEST
TEST STANDARD TEST CONDITIONS RESULTS

Surge UL 1449 IEEE! 9000A (8/2011S) 0/165
Current ANSI C62.41 1 Pulse

IEC 1051
6500A (8/2011S) 0/105
2 Pulses

3000A (8/2011S)20 0175
Pulses

750A {8/2011S} 0/65
120 Pulses

Surge UL 1449 IEEE! 90J (2ms) 1 Pulse 0/1258
Energy ANSI C62.41

IEC 1051

Operating MIL-STD-202 125°C, 1000 Hours, 0/180
Life Method 204D Rated Bias Voltage

Temporary N/A 120% Maximum 0/70
Overvoltage Rated Varistor

Voltage for 300s

Device Selection
After evaluating the advantages and disadvantages of the
various suppression technologies available, the device of
choice is clearly the metal oxide varistor. Once the decision
has been made as to which technology to use, it is now
necessary to decide on the actual device to select for a
particular application. To select the correct varistor for a
specific application, determine the following information:

1. The maximum system RMS voltage

2. How the MOV is to be connected?

3. The MOV rating with a voltage 10-25% above system
voltage

4. The worst-case transient energy that will need to be
absorbed by the MOV. (Use the guidelines called out in
ANSI/IEEE C62.411992)

5. The clamping voltage required for system protection

• Recognized as "Transient Voltage Surge Suppressors" to
UL 1449; File E75961

• Recognized as "Transient Voltage Surge Suppressors" to
CSA C22.2, No.1; File LR91788

• High energy absorption capability: WTM = 45J to 120J
(2ms).

• High peak pulse current capability: ITM= 6000A to 9000A
(8/2011S)

• Wide operating voltage range: VM(AC)RMS= 130V to 175V

Available in tape and reel for automatic insertion; also
available with trimmed and/or crimped leads.

Rated AC Voltage (VM(AC)RMS)- This is the maximum con-
tinuous sinusoidal voltage which may be applied to the MOV.
This voltage may be applied at any temperature up to the
maximum operating temperature of +850C.

Maximum Non-Repetitive Surge Current (ITM) - This is the
maximum peak current which may be applied for an 8/2011S
impulse, with rated line voltage also applied, without causing
device failure.

Maximum Non-Repetitive Surge Energy (WTM) - This is the
maximum rated transient energy which may be dissipated for
a single current pulse at a specified impulse and duration
(2ms), with the rated RMS voltage applied, without causing
device failure.

Nominal Voltage (VN(DC) - This is the voltage at which the
device changes from the off state to the on state and enters
its conduction mode of operation. This voltage is character-
ized at the 1mA point and has specified minimum and maxi-
mum voltage levels.

Clamping Voltage (Vel - This is the peak voltage appearing
across the MOV when measured at conditions of specified
pulse current amplitude and specified waveform (8/2011S).

[1] "ANSI/IEEE C62.411992 Guide On Surge Voltages In
Low Voltage AC Power Circuits".

[2] "Voltage Transients and Their Suppression", Corbett, M.

[3] "Understanding AC Line Transient Immunity", Dash, G.
and Straus, I.

[4] "Suppression Of Voltage Transients Is An Art Trying To
Be A Science", GE 660.33.

[5] "The Propagation and Attenuation of Surge Voltages
and Currents in Low Voltage AC Circuits", Martzloff,
FD., 1984.

[6] ''Transient Voltage Suppression Devices", Harris Semi-
conductor DB450.

[7] "Protective Level Comparison of Voltage Transient Sup-
pressors", Hopkins, D. C.

[8] "Comparison of Transient Suppressors!", Korn, S.
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The Connector Pin Varistor for Transient Voltage
Protection in Connectors

Nonlinear devices have long been used for transient voltage
protection and have bee available in conventional package
configurations - axial, radial, and power packages (Figure 1)
The connector pin varistor represents a new approach to
transient suppression by forming the active material into a
shape which requires no leads or package (Figure 2) The
idea was developed many years ago, but only recently have
breakthroughs in the manufacturing process allowed cost-
effective production of such devices.
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FIGURE 2. TUBULAR VARISTOR (CONNECTOR PIN VARISTOR)

Connector pin varistors are voltage dependent nonlinear
semiconducting devices having electrical behavior similar to
back-to-back zener diodes. The symmetrical sharp break-
down characteristic enables the varistor to provide excellent
transient suppression. As the voltage of a transient rises, the
impedance of the varistor changes from a very high value to

an extremely low value, limiting the voltage rise across the
varistor (Figure 3). The destructive energy is absorbed by
circuit impedance and varistor impedance. Energy is
converted into hear and, if the varistor is properly rated, no
components are harmed.

FIGURE 3. VOLTAGE IMPEDANCE CHARACTERISTICS OF A
TYPICAL VARISTOR

To obtain the lowest clamping voltage, the impedance of the
varistor (ls) and the impedance of the varistor leads (lc),
should be as low as possible, but the impedance of the line
(lL! and the transient source (IT) should be as high as pos-
sible (Figure 4). The part of lL which is contributed by the
ground return also reduces lL' but at the same time lifts the
ground above true ground and therefore should be small.
Unfortunately, the impedance of the transient source (IT)
cannot be controlled and is unknown in most instances.[11
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Varistors contain zinc oxide, bismuth, cobalt, manganese
and other metal oxides. The structure of the body consists of
conductive zinc oxide grains surrounded by a glassy layer
(the grain boundary) which provides the 2.5V PN-junction
semiconductor characteristics. Figure 5 shows a simplified
cross section of the varistor material.
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The varistor is a mUlti-junction device with many junctions in
parallel and series. Each junction is heat sunk by zinc oxide
grains resulting in low junction temperatures and large over-
load capabilities.

As shown in Figure 5, the more junctions that are connected
in series, the higher the voltage rating and as more junctions
are connected in parallel, the higher the current rating.
Energy rating, on the other hand, is related to both voltage
and current and is proportional to the volume of the varistor.
In summary:

• Thickness is proportional to voltage
• Area is proportional to current (a x b) or [(d2 • 1t)/4] or

(d .1t • length).
• Volume is proportional to energy (area x thickness)

An electrical model for a varistor is represented by the
equivalent circuit shown in Figure 6.

FIGURE 6. VARISTOR EQUIVALENT CIRCUIT

Pulse Response

The pulse response of a varistor is best understood by using
the equivalent circuit representation consisting of a pure
capacitor (Cp), two batteries, the grain resistance (RZnO) and
the intergrain capacitance (CINT). The off-resistance (ROFF)

is not applicable in this discussion.

Due to the varistor capacitance (Cp), the varistor is initially a
short circuit to any applied pulse. Varistor breakdown
conduction through (VB') and (VB2),as illustrated in Figure 6
does not occur until this capacitor is charged to the varistor
breakdown voltage (VB)' The time is calculated by:

tc = Cp • (VB,/I) or (2)

Where I is the average pulse current (capacitor charging
current) for 0 s t s tc. The value of the peak current is
controlled by [ = (di/dt) • Cp, the source impedance voltage
of the transient, and the varistor's dimensions (area
proportional to C).

For longer duration pulses t > tc, VBl and VB2will participate
on the current conduction process, as the voltage on Cp
rises above the breakover voltage (VB)'

Speed of Response

The conduction mechanism is that of a II - VI polycrystalline
semiconductor. Conduction occurs rapidly, with no apparent
time lag even in the picosecond range.

Figure 7 shows a composite photograph of two voltage
traces with and without a varistor connected to a low-induc-
tance high speed pulse generator having a rise time of
500ps. The second trace is not synchronized with the first,
but merely superimposed on the oscilloscope screen, show-
ing the instantaneous voltage clamping effect of the varistor.
There is no delay or any indication which would justify con-
cern about response time.

TRACE 2
LOAD
VOLTAGE
CLAMPED
BY
VARISTOR

TRACE'
LOAD
VOLTAGE
WITHOUT
VARISTOR

FIGURE 7. RESPONSE OF A VARISTOR TO A FAST RISING
PULSE (dv/dt = 1MVlJls)

Using conventional lead-mounted varistors, the inductance
of the leads completely masks the fast action of the varistor;
therefore, the test results as shown in Figure 7 required the
insertion of a small piece of varistor material in a coaxial line
to demonstrate the intrinsic varistor response.

Tests made on lead-mounted devices, even with careful
attention to minimize lead length, show that the voltage
induced through lead inductance contributes substantially to
the voltage appearing across the varistor terminals (Figure 8).
These undesirable induced voltage are proportional to lead
inductance and di/dt and can be positive or negative.
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FIGURE 8. THE ELECTRICAL EQUIVALENT OF A LEAD-
MOUNTED VARISTOR

Figure 9 shows the positive and negative part of the induced
voltage, resulting from a pulse with a rise time of 4ns to a
peak current of 2.5A. When the measurement is repeated
with a leadless varistor, such as the connector pin varistor,
its unique coaxial mounting allows it to become part of the
transmission line. This completely eliminates inductive lead
effect (Figure 10).

Calculations of the induced voltage as a direct result of lead
effect for different current rise times provides a better under-
standing of the di/dt value at which the lead effect become
significant. Table 1 is based on an assumption of a current
pulse of lOA, 1 inch of lead wire (which translates into
approximately 15nH) and rise times ranging from seconds to
femtoseconds.

11"""
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FIGURE 9. EXPONENTIAL PULSE APPLIED TO A RADIAL
DEVICE (5V/DlV., 50sIDIV.)

FIGURE 10. EXPONENTIAL PULSE APPLIED TO A PIN-VARISTOR
(5VIDIV.,50nSIDIV.)

TABLE 1. INDUCED VOLTAGE IN 1 IN. LEADS. PEAK CURRENT
10A, AT DIFFERENT CURRENT RISE TIMES

TIME L e

1 x 100 1 sec. 10A 15nH 150 x 10.9

1 x 10.3 1ms 10A 15nH 150 x lO·S

1 X 10,5 11.lS 10A 15nH 150 x 10,3

1 x 10,9 1ns 10A 15nH 150

1 x 10,'2 1ps 10A 15nH 150 x 10,3

1 X 10.18 1Is 10A 15nH 150 x 10,6

Figure 11 illustrates the lead effect even more dramatically
for fast rising pulses ranging in rise time from milliseconds to
femtoseconds.
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FIGURE 11. LEAD EFFECT OF 1 INCH CONNECTION (L~ 15nH)

Temperature Coefficient (Electrical)

The temperature coefficient is usually of little importance. It
is most pronounced at low voltage and current levels and
decreases to practically zero at the upper end of the V-I
characteristics (Figure 12).

zo-In~w
01--0
~za.
<I:

NORMAL
OPERATION -

-ll.~~ --;::rLE TYlE -+--+--+-+--1
/ V130LA10A

-ll.2 ~-+--""T'"-.,.--1--I--+--+--1

-ll.SL-_.J-_~_-L_--I __ L-_.J-_~_...J

10-5 10" 10.3 10-2 10-' 100 10' 102 103
CURRENT (A)
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AGE vs CURRENT (_55°C to +125°C)



Circuit designers may ask, "Why use connector pin varistors
when suppressors could be located on the printed circuit
board of the electronic control module (ECM)?" Reasons
include saving space and avoiding side effects of circuit
board suppressor action.

A simplified schematic of an ECM is illustrated in Figure 13.
Suppressors usually would be installed across the power
analog and digital signal lines entering the ECM. These
would divert surges to ground to avoid upset or damage of
the ICs fed by those lines. However, side effects could occur
if the suppressors are located internally. The paths of
circulating current for diverting surges to ground could be of
significant length and impedance. If the suppressor current
paths share some impedance, then a surge current in one
suppressor could cause a surge voltage on the ground line
of another circuit. Also, surges can be coupled from one line
to another within the ECM by radiation or by capacitive
means. These problems are even more likely with surges
that have fast fronts causing high V = Ldl/dt voltages, such
as when has tubes are activated.

The above concerns are avoided when connector pin
varistors are used as shown in Figure 14. Currents then can
be diverted directly to a grounding plate within the connector
which, in turn, terminates to the exterior of the ECM shielded
housing. Surge currents stay outside of the "black box,"
and sensitive circuits are not exposed to the side effects of
suppressor operation. Even if the ICs have on-chip
suppressors for ESD protection, or the PC board has local
suppressors, the connector pin varistors are desirable
because they can divert some of the surge. This permits the
local devices, in combination with line impedances and filter
chokes, if present, to become secondary protectors. The
local surge currents will be less, surge coupling side effects
will be reduced, and lower clamping voltages can be
attained.

Clamping Voltage

Clamping voltage is an important feature of a transient
suppressor. Zener diode type devices have lower clamping
voltage than varistors (Figure 15). Because all protective
devices are connected in parallel with the device or system
to be protected, a lower clamping voltage will apply less
stress to the device protected.

Speeds Compared

Response times of less than 1ps are claimed for zener
diodes. For varistors, measurements were made down to
500ps with a voltage rise time (dv/dt) of 1 million volts per
microsecond. Another consideration is the lead effect,
previously discussed. Both devices are fast enough to
respond to any practical requirements, including NEMP type
transients.

Leakage Currents

Leakage current and sharpness of the knee are two areas of
misconception about the varistor and zener diode devices.
Figure 16 shows a zener diode and a varistor, both recom-
mended by their manufacturers for protection of integrated
circuits having 5V supply voltages.



The zener diode leakage is about 100 times higher at 5V
than the varistor, 200~A versus less than 2~A.

For a leakage current comparison, 25 zener diode devices
were measured at +250C. Only 1 device measured 30mA.
The rest were 150mA and more. At elevated temperatures,
the comparison is even more favorable to the varistor. The
zener diode is specified at 1000mA at 5.5V.

The leakage current of a zener can be reduced by specifying
a higher voltage device which would have a lower leakage
current, but the price is a higher clamping voltage and the
advantage of the zener disappears.
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FIGURE 16. CHARACTERISTICS OF A ZENER DIODE (ON
LEFT) vs A VARISTOR (ON RIGHT)

Peak Pulse Power

Transient suppressors have to be optimized to absorb large
amounts of power or energy in a short time
duration: nanoseconds, microseconds or, in some rare
instances, milliseconds.

Electrical energy is transformed into heat and has to be
distributed instantaneously throughout the device. Transient
thermal impedance is much more important than steady-
state thermal impedance, as it keeps peak junction
temperature to a minimum. In other words, head should be
instantly and evenly distributed throughout the device.

The varistor meets these requirements: an extremely
reliable device with large overload capability. Zener diodes
on the other hand, transform electrical energy into hear in
the depletion region, an extremely small area, resulting in
high peak temperature. From there the hear will flow through
the silicon and solder joint to the copper. Thermal coefficient
mismatch and large temperature differentials can result in an
unreliable device for transient suppression.

Figure 17 shows peak pulse power versus pulse width for
the varistor and the zener diode, the same devices
compared for leakage current.

At 1ms, the two devices are almost the same. At 2~s the
varistor is almost 10 times better, 7kW for the zener versus
60kW for the varistor.
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FIGURE 17. PEAK PULSE POWER vs PULSE TIME

Aging

A common misconception is that a varistor's V-I characteris-
tics changes every time energy is absorbed. As illustrated in
Figure 18, the V·l characteristic changed on some of the
devices, but returned to its original value after applying a
second or third pulse. Is this an inversion of the aging
process? Time and temperature have very similar effects.

To be conservative, peak pulse limits have been established
which, in many cases, have been exceeded many10ld
without harm to the device. This does not mean that
established limits should be ignored, but rather, viewed in
perspective of the definition of a failed device. A failed device
shows a ±10 percent change of the V-I characteristic at the
1mA point. Zener diodes, on the other hand, fail suddenly at
predictable power and energy levels.
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Failure Mode

Varistors fail short, but can also explode when energy is
excessive, resulting in an open circuit. Because of the large
peak pulse capabilities of varistors, these types of failure are
quite rare for properly selected devices.
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Zeners, on the other hand, can fail either short or open. If the
pellet is connected by a wire, it can act as a fuse,
disconnecting the device and resulting in an open circuit.
Designers must analyze which failure mode, open or short,
is preferred for their circuits.

When a device fails during a transient, a short is preferred,
since it will provide a current path bypass and continued to
protect the sensitive components. On the other hand, if a
device fails open during a transient, the remaining energy
ends up in the sensitive components that were supposed to
be protected. If the energy is already dissipated, the circuit
will now operate without a suppressor and the next transient,
or the next few transients, will denigrate the equipment.

Another consideration is a hybrid approach, making use of the
best features of both types of transient suppressors (Figure 19).

R

INPUTn

VARISTOR = = ZENER

FIGURE 19. HYBRID PROTECTION USING VARISTORS,
ZENERS, RAND L

Capacitance

Depending on the application, transient suppressor
capacitance can be a very desirable or undesirable feature
compared to zener diodes. Varistors have a higher
capacitance. In DC circuits, capacitance is desirable: the
larger the better. Decoupling capacitors are used on IC
supply voltage pins and can in any cases be replaced by
varistors, providing both the decoupling and transient
voltage clamping functions.

The same is true for filter connectors where the varistor can
perform the dual functions of providing both filtering and
transient suppression.

There are circuits, however, where capacitance is less desir-
able, such as high frequency digital or some analog circuits.

As a rule, the source impedance of the signal and the
frequency as well as the capacitance of the transient
suppressor should be considered (Figure 20).

The current through Cp is a function of dv/dt and the
distortion is a function of the signal's source impedance.
Each case must be evaluated individually to determine the
maximum allowable capacitance.
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OUTPUT 11 ~
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FIGURE 20. SOURCE IMPEDANCE (Rs) AND PARASITIC
CAPACITANCE (Cp)

Response to Radiation
For space applications, an extremely important property of a
protection device is its response to imposed radiation effects.

Electron Irradiation

Figure 21 represents MOV and zener devices exposed to
electron irradiation. The V-I curves, before and after test, are
shown. The MOV is virtually unaffected, even at the
ex1remely high dose of 108 rads, while the zener shows a
dramatic increase in leakage current.
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FIGURE 21. RADIATION SENSITIVITY OF MOV AND ZENER
DEVICES

A second MOV-zener comparison was made with respect to
neutron fluence. The selected devices were equal in area.

Figure 22 shows the clamping voltage response of the MOV
and the zener to neutron irradiation as high as 1015N/cm2. In
contrast to the large change in the zener, the MOV is
unaltered. At higher currents where the MOVs clamping
voltage is again unchanged, the zener device clamping
voltage increases by as much as 36 percent.

FIGURE 22. VOLTAGE CURRENTS CHARACTERISTIC
RESPONSE TO NEUTRON IRRADIATION FOR
MOV AND ZENER DIODE DEVICES

Counterclockwise rotation of the V-I characteristics is
observed in silicon devices at high neutron irradiation levels.
In other words, leakage increases at low current levels and
clamping voltage increases at higher current levels.



The solid and open circles for a given fluence represent the
high and low breakdown currents for the sample of devices
tested. A marked decrease in current (or energy) handling
capability with increased neutron fluence should be noted.

The failure threshold level of silicon semiconductor junctions
is further reduced when high or rapidly increasing currents
are applied. Junctions develop hot spots, which enlarge until
a short occurs if current is not limited or quickly removed.

The characteristic voltage current relationship of a PN-
Junction is shown in Figure 23.

At low reverse voltage, the device will conduct very little
current (the saturation current). At higher reverse voltage
Vso (breakdown voltage), the current increases rapidly as
the electrons are either pulled by the electric field (zener
effect) or knocked out by other electrons (avalanching). A
further increase in voltage causes the device to exhibit a
negative resistance characteristic leading to a secondary
breakdown. This manifests itself through the formation of
hotspots, and irreversible damage decreases under neutron
irradiation for zeners, but not for zinc oxide varistors.
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FIGURE 23. VOLTAGE CURRENTS CHARACTERISTIC OF
PN-JUNCTION

Gamma Radiatlonl7]

Radiation damage studies were performed on specified
varistors. Emission spectra and V-I characteristics were
collected before and after irradiation with 106 rads C060
gamma radiation. Both show no change, within experimental
error, after irradiation.

Mechanical Strength
After sintering, the varistor becomes a strong, rugged
ceramic material. As with all ceramic materials, it has high
compressive strength and lower tensile or shear strength.
An experiment was performed to demonstrate the strength
of the varistor material when used in the tubular form.
Results are shown in Table 2. P1 and P2 represent maxi-
mum pressures applied before fracture. Directions of applied
stresses are shown in Figure 24.

TABLE 2. VARISTOR MATERIAL STRENGTH

PART SIZE P1 P2

20A 100lbs 30lbs

20B 100lbs 141bs

22B 100lbs 141bs

Connector pin varistors provide a unique way to install surge
protection in electronic systems without the bulkiness of some
approaches. The tubular form of this varistor gives a relatively
large area for conducting surge current, with an inherent mass
for dissipating electrical heat energy. The rugged body physi-
cally resembles passive components; but, because it is a
semiconductor device, response time is very fast. The lead-
less form reduces the voltage overshoot that can be caused
by lead inductance. Also, the device has a high degree of
inherent radiation hardness. Connector pin varistors divert
surge currents to the outside surface of the "black box" hous-
ing, not to printed board runs feeding sensitive circuits,
thereby helping to avoid or reduce surge coupling side effects.

[1] Harris Corporation, "Transient Voltage Suppression
Devices," Fifth Edition, 400.3, September, 1989.

[2] Sebald R. Korn, The New Low Voltage GE-MOV Varistor
(For Protection of 5 VDC and Below). Application Note
No. 200.91 by General Electric Application Engineering.

[3] D. M. Tasca and J. C. Peden, Technical Information Series
No. 73SD252 EMT/Power Transient Suppression, Gen-
eral Electric Rs-entry & Environmental Systems Division.
D. M. Tasca and J. C. Peden, Technical Information Series
NO.73SD23G Subnanosecond Rise Time Pulse
Response and Clamping Voltage Characteristics of GE-
MOV and Transzorb, General Electric Space Division.

[4] Lionel M. Levinson and H. R. Philipp, "AC-Properties of
Metal Oxide Varistors," Journal of Applied Physics, Vol.
47, No.3, March, 1976.

[5] Lionel M. Levinson and H. R. Philipp, "High-Frequency
and High-Current Studies of Metal Oxide Varistors,"
Journal of Applied Physics, Vol. 47, No.3, March, 1976.

[6] Low Temperature Admittance Spectroscopy of Zinc Oxide
Varistors (intemal GE report).

[7] EMP Engineering and Design Principles, Six1h Printing
October, 1984, Bell Telephone Laboratories, Inc.

[8] Data Book 1980 - 1981. General Semiconductor Indus-
tries,lnc.
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Voltage Transients and Their Suppression
Author: Martin P. Corbett

The increasing usage of sensitive solid state devices in
modem electrical systems, particularly computers, communi-
cations systems and military equipment, has given rise to
concerns about system reliability. These concerns stem from
the fact that the solid state devices are very susceptible to
stray electrical transients which may be present in the distri-
bution system.

The initial use of semiconductor devices resulted in a
number of unexplained failures. Investigation into these
failures revealed that they were caused by transients, which
were present In many different forms in the system.
Transients in an electrical circuit result from tile sudden
release of previously stored energy. The severity of, and
hence the damage caused by transients depends on their
frequency of occurrence, the peak transient currents and
voltages present and their waveshapes.

In order to adequately protect sensitive electrical systems,
thereby assuring reliable operation, transient voltage sup-
pression must be part of the initial design process and not
simply included as an afterthought. To ensure effective tran-
sient suppression, the device chosen must have the capabil-
ity to dissipate the impulse energy of the transient at a
sufficiently low voltage so that the capabilities of the circuit
being protected are not affected. The most successful type
of suppression device used is the metal oxide varistor. Other
devices which are also used are the zener diode and the
gas-tube arrestor.

The occurrence rate of surges varies over wide limits,
depending on the particular power system. These transients
are difficult to deal with, due to their random occurrences
and the problems in defining their amplitude, duration and
energy content. Data collected from many independent
sources have led to the data shown in Figure 1. This predic-
tion shows with certainty only a relative frequency of occur-
rence, while the absolute number of occurrences can be
described only in terms of low, medium or high exposure.
This data was taken from unprotected circuits with no surge
suppression devices.

NOTE: In somelocations,sparkoverof clearancesmay limit the
overvoltages.

The low exposure portion of the graph Is derived from data
collected in geographical areas known for low lightning activ-
ity, with little load switching activity. Medium exposure sys-
tems are geographical areas known for high lightning
activity, with frequent and severe switching transients. High
exposure areas are rare, but real systems, supplied by long
overhead lines and subject to reflections at line ends, where
the characteristics of the installation produce high sparkover
levels of the clearances.

Investigations into the two most common exposure lev.els,
low and medium, have shown that the majority of surges
occurring here can be represented by typical waveform
shapes (per ANSI/IEEE C62.41-1980). The majority of
surges which occur in indoor low voltage power systems can
be modeled to an oscillatory waveform (see Figure 2). A
surge impinging on the system excites the natural resonant
frequencies of the conductor system. As a result, not only
are the surges oscillatory but surges may have different
amplitudes and waveshapes at different locations in the sys-
tem. These oscillatory frequencies range from 5kHz to
500kHz with 100kHz being a realistic choice.
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FIGURE 2. O.5~s -100kHz RING WAVE (OPEN CIRCUIT VOLT-
AGE)

In outdoor situations the surge waveforms recorded have
been categorized by virtue of the energy content associated
with them. These waveshapes involve greater energy than
those associated with the indoor environment. These
waveforms were found to be unidirectional in nature (see
Figure 3).

50~s
T, x 1.67 = 1.2~s

20~s

T2 x 1.25 = 8~s

FIGURE 3. UNIDIRECTIONAL WAVESHAPES (OUTDOOR
LOCATIONS)

Some transients may be intentionally created in the circuit
due to inductive load switching, commutation voltage spikes,
etc. These transients are easy to suppress since their
energy content is known. It is the transients which are gener-
ated external to the circuit and coupled into it which cause
problems. These can be caused by the discharge of electro-
rnagnetic energy, e.g., lightning or electrostatic discharge.
These transients are more difficult to identify, measure and
suppress. Regardless of their source, transients have one
thing in common - they are destructive. The destruction
potential of transients is defined by their peak voltage, the
follow-on current and the time duration of the current flow,
that is:

E = fVC(t) ol(t) dt
o

where:
E Transient energy
I Peak transient current
Vc Resulting clamping voltage
t Time
1: Impulse duration of the transient
It should be noted that considering the very small possibili-
ties of a direct lightning hit it may be deemed economically
unfeasible to protect against such transients. However, to
protect against transients generated by line switching, ESD,
EMP and other such causes is essential, and if ignored will
lead to expensive component and/or system losses.

The energy contained in a transient will be divided between
the transient suppressor and the line upon which it is
travelling in a way which is determined by their two
impedances. It is essential to make a realistic assumption of
the transient's source impedance in order to ensure that the
device selected for protection has adequate surge handling
capability. In a gas-tube arrestor, the low impedance of the
arc after sparkover forces most of the energy to be
dissipated elsewhere - for instance in a power-follow
current-limiting resistor that has to be added in series with
the gap. This is one of tile disadvantages of the gas-tube
arrestor. A voltage clamping suppressor (e.g., a metal oxide
varistor) must be capable of absorbing a large amount of
transient surge energy. Its clamping action does not involve
the power-follow energy resulting from the short-circuit
action of the gap.

The degree to which source irnpedance is important
depends largely on the type of suppressor used. The surge
suppressor must be able to handle the current passed
through them by the surge source. An assumption of too
high an impedance (when testing the suppressor) may not
subject it to sufficient stresses, while the assumption of too
Iowan irnpedance may subject it to unrealistically large
stress; there is a trade off between the size/cost of the sup-
pressor and the amount of protection required.

In a building, the source impedance and the load impedance
increases from the outside to locations well within the inside
of the building, i.e., as one gets further from the service
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entrance, the impedance increases. Since the wire in a
structure does not provide much attention, the open circuit
voltages show little variation. Figure 4 illustrates the
application of three categories to the wiring of a power
system.

These three categories represent the majority of locations
from the electrical service entrance to the most remote wall
outlet. Table 1 is intended as an aid in the selection of surge
suppressors devices, since it is very difficult to select a spe-
cific value of source impedance.

Category A covers outlets and long branch circuits over 30
feet from category B and those over 60 feet from category C.
Category B is for major feeders and short branch circuits
from the electrical entrance. Examples at this location are
bus and feeder systems in industrial plants, distribution
panel devices, and lightning systems in commercial build-
ings. Category C applies to outdoor locations and the electri-
cal service entrance. It covers the service drop from pole to
building entrance, the run between meter and the distribu-
tion panel, the overhead line to detached buildings and
underground lines to well pumps.

TABLE 1. SURGE VOLTAGES AND CURRENTS DEEMED TO REPRESENT THE INDOOR ENVIRONMENT AND RECOMMENDED
FOR USE IN DESIGNING PROTECTIVE SYSTEMS

ENERGY (JOULES)
DEPOSITED IN A

SUPPRESSOR WITH
IMPULSE CLAMPING VOLTAGE

COMPARABLE MEDIUM TYPE OF SPECIMEN
LOCATION CATEGORY TOIEC EXPOSURE OR LOAD CIRCUIT

CENTER 664 CATEGORY WAVEFORM AMPLITUDE CIRCUIT 500V 1000V

(120V Sys.) (240V Sys.)

A. Long branch circuits II 0.5~s - 100kHz 6kV High Impedance (Note 1)
and outlets

200A Low Impedance (Note 2) 0.8 1.6

B. Major feeders short III 1.2150~s 6kV High Impedance (Note 1)
branch circuits, and
load center 8/20~s 3kA Low Impedance (Note 2) 40 80

0.5~s - 100kHz 6kV High Impedance (Note 1)

SOOA Low Impedance 2 4

NOTES:

1. For high-impedance test specimens or load circuits, the voltage shown represents the surge voltage. In making simuiation tests. use that
value for the open-circuit voltage of the test generator.

2. For low-impedance test specimens or load circuits, the current shown represents the discharge current of the surge (not the short-circuit
current of the power system). In making simulation tests, use that current for the short-circuit current of the test generator.

3. Other suppressors which have different clamping voltages would receive different energy levels.



A B C

Outlets and long branch circuits. All Feeders and short branch circuits Outside and service entrance
outlets at more than 10m (3011.) Distribution Panel Devices Service drop from pole to building.
from Category B. All outlets at more Bus and feeder in industrial plants Run between meter and panel. Over-
than 20m (6011.)from Category C. Heavy appliance outlets with "short" con- head line to detached building. Under-

nactions to service entrance ground line to well pump.
Lighting systems in large buildings

The best type of transient suppressor to use depends on the
intended application, bearing in mind that in some cases
both primary and secondary protection may be required. It is
the function of tile transient suppressor to, in one way or
another, limit the maximum instantaneous voltage that can
develop across the protected load. The choice depends on
several factors, but the decision is ultimately a trade-off
between the cost of the suppressor and the amount of
protection needed.

The time required for a transient suppressor to begin
functioning is extremely important when it is used to protect
sensitive components. If the suppressor is slow acting and a
fast-rise transient spike appears on the system the voltage
across the protected load can rise to damaging levels before
suppression begins. On AC power lines the best type of
suppression to use is a metal oxide varistor. Other devices
occasionally used are the zener diode and the gas-tube
arrestor.

This is a suppression device which finds most of its applica-
tions in telecommunication systems. It is made of two metal-
lic conductors usually separated by 10mils to 15mils
encapsulated in a glass envelope. This glass envelope is
pressurized and contains a number of different gases. One
disadvantage of this device arises from the possibility of seal
leakage and the resulting loss of protection. Also, in a gas-
tube arrestor, the low impedance of the arc after sparkover
forces most of the energy to be dissipated elsewhere. This
requires additional components in the system, for instance a
power-follow current-limiting resistor that has to be added in
series with the gap.

zo-0~w
O~-0
~z
I:L
c(

One type of clamp-action device used in transient suppres-
sion is the zener diode. When a voltage of sufficient ampli-
tude is applied in the reverse direction, the zener diode is



Ing across the diode is therefore called the reverse ava-
lanche or zener voltage.

When a transient propagates along the line with a voltage
exceeding the reverse-based voltage rating of the diode, the
diode will conduct and the transient will be clamped at the
zener voltage. This clamping voltage is lower than that of an
equivalent varistor. Some manufacturers have claimed that
the response time of a zener diode is 1ps to 2ps. This is
impossible according to the laws of physics, since a signal
traveling at the speed of light in vacuum, the fastest speed in
the universe, would require about SOps to transverse the
length of the plastic package of the diode. In practice, the
speed of response is determined by the parasitic inductance
of the package and the manner in which the device is con-
nected via its leads. Although zener diodes can provide tran-
sient protection, they cannot survive significant
instantaneous power surges. Larger diodes can be used to
increase the power rating, but this is oniy at the expense of
increased costs. Also, the maximum tolerable surge current
for a zener diode in reverse breakdown is small when com-
pared to tolerable surge currents for varistors. Due to the
fact that there is only the p-n junction in a zener diode, it will
need to have some additional heat sinking in order to facili-
tate the rapid build-up of heat which occurs in the junction
after it has encountered a transient.

As the name suggests, metal oxide varistors (MOV) are vari-
able resistors. Unlike a potentiometer, which is manually
adjusted, the resistance of a varistor varies automatically in
response to changes in voltages appearing across it. Varis-
tors are a monolithic device consisting of many grains of zinc
oxide, mixed with other materials, and compressed into a
single form. The boundaries between individual grains can
be equated to p-n junctions with the entire mass represented
as a series-parallel diode network.

When a MOV is biased, some grains are forward biased and
some are reverse biased. As the voltage is increased, a
growing number of the reversed biased grains exhibit
reverse avalanche and begin to conduct. Through careful
control in manufacturing, most of the nonconducting p-n
junctions can be made to avalanche at the same voltage.

on physical characteristics of the MOV and the wave shape
of the current pulse driven through it by the voltage spike.
Experimental work has shown the response time to be in the
500 picosecond range.

One misconception about varistors is that they are slow to
respond to rapid rise transients. This 'slow" response is due
to parasitic inductance in the package and leads when the
varistor is not connected with minimal lead length. If due
consideration is given to these effects in its installation, the
MOV will be more than capable of suppressing any voltage
transients found in the low voltage ac power system.

The MOV has many advantages over the zener diode, the
greatest of which is its ability to handle transients of much
larger energy content. Because it consists of many p-n junc-
tions, power is dissipated throughout its entire bulk, and
unlike the zener, no single hot spot will develop. Another
advantage of the MOV is its ability to survive much higher
instantaneous power.

When designing circuits of the complex nature seen in
todays electrical environment, the initial design must incor-
porate some form of transient voltage surge suppression.
The expense of incorporating a surge protection device in a
system is very low when compared with the cost of equip-
ment downtime, maintenance and lost productivity which
may result as a consequence of not having protection. When
selecting surge suppressors for retrofit to an existing design,
one important point to remember is that the location of the
load to be protected relative to the service entrance is as
important as the transient entrance which may be present in
an overvoltage situation.

An American National Standard/IEEE Guide for Surge
Voltages in Low Voltage AC Power Circuits, C62.41-1980.

Harris Semiconductor, Transient Voltage Suppression
Devices, DB450.

Korn, Sebald, Voltage Transients and Power Conversion
Equipment, GE.
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Surge Suppression Technologies Advantages and Disadvantages
(MOVs, SADs, Gas Tubes, Filters and Transformers)

Author: Martin P. Corbett

Protection on the low voltage AC mains system from
transient overvoltages is now a fundamental power quality
concern. The use of correctly selected and installed surge
protectors have a long and proven history of successful field
performance. The expected transient environment is
addressed, along with various types of surge suppression
components which are available. Advantages and disadvan-
tages of isolator, crowbar and clamping type surge suppres-
sors are discussed. Competitive evaluations are reported
and some recommendations and guidelines for the selection
of the correct type of device to be used are given.

The increasing use of semiconductors and other solid state
components in modern electrical systems has resulted in a
growing awareness about system reliability. This is a
consequence of the fact that solid state devices are very
susceptible to stray electrical transients which may be
present in the low voltage AC distribution system. The initial
use of semiconductors resulted in a large number of
unexplained failures. Investigation into these failures
revealed that they were caused by a number of diverse
overvoltage conditions which were present in the distribution
system. Transient voltages result from the sudden release of
previously stored energy from overstress conditions such as
lightning, inductive load switching, electromagnetic pulses or
electrostatic discharges. The severity of, and hence the
damage caused, by the transient depends on their frequency
of occurrence, their peak values and their waveshapes.

Electrical overvoltages on AC mains can cause either
permanent deterioration, or temporary malfunctions in
electronic components and systems. Protection from
transients can be obtained by using specially designed
components which will, either limit the magnitude of the
transient using a large series impedance or by diverting the
transient using a low value shunt impedance.

A prudent designer will consider the need for transient
protection in the early stages of the design. Too many times
it has been necessary to retrofit existing equipment with
transient suppressors. This is expensive in terms of field
failures, customer downtime and potential loss of business.
In some systems retrofitting becomes cumbersome, as the
space required was not planned for in the initial design. The
device selected as the system protector must have the

capability to dissipate the impulse energy of the transient at
a sufficiently low voltage so that the capabilities of the
system being protected are not affected.

Problem Definition
(The Transient Environment) [1,2,3,4]

Primarily the problem is that of the enigmatic presence of
overvoltage surges, above the normal system voltage. Over-
voltages are sometimes explainable or sometimes they just
mysteriously appear in the electrical system; they take the
form of disturbances, notches, swells, sags, brownouts,
outages or combinations of the above and are generically
known as transients. A common result of encountering these
overvoltages is the early failure of semiconductor
components and other sensitive electrical components. An
equally serious effect is the loss of control in solid-state logic
systems that may think surges are legitimate signals and
thus endeavor to react to them.

Numerous studies have been performed which indicate that
the causes of the surges in an electrical system can be
attributed to one of the following causes:

• Lightning
• Opening or closing of switch contacts under load
• Propagation of surges through transformers
• Severe load changes in adjacent systems
• Power line fluctuations and pulses
• Short circuits or blown fuses

The power system is made up of a large network of cross
connected transmission lines. This power system is often
interfered with by transients originating from one of the
aforementioned sources.

Transients caused by lightning can inject very high currents
into the system. These lightning strikes, usually to the
primary transmission lines, may result in coupling to the
secondary line through mutual inductive or capacitive
coupling. Even a lightning hit that misses the line can induce
substantial voltage onto the primary conductors, triggering
lightning arresters and creating transients. Man-made
switching transients can be of a lesser, but more frequent
threat. Switching of the power grid can cause transients
which may damage down line equipment. The use of
thyristors in switching circuits or power control can also
create such transients.
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Studies and laboratory investigation of residential and indus-
trial low voltage AC power systems have shown that the
amplitude of the transient is proportional to the rate of its
occurrence, i.e. lower magnitude transients occur most
often. Governing standards bodies, in particular IEEE and
ANSI, have established a document which gives practical
guidelines of the transient environment one may expect to
encounter in a low voltage AC power system. This document
is called the ANSI/IEEE standard C62.41 and was devel-
oped in 1980. Since its inception, more accurate information
has become available on the transient environment and this
has led to the generation of an updated standard, which
should be available later this year.

Rate of Occurrence

The rate of occurrence of surges varies quite a lot and is
dependent upon the particular power system. Rate is related
to the level of surges and low magnitude surges are more
common than high level surges. Data from many sources
have shown that surges of 1kV or less are relatively
common, while surges of 3kV are more rare. The data
generated from the studies was used to generate the curve
shown in Figure 1. This curve shows with certainty only a
relative frequency of occurrence, while the absolute number
of occurrences can be described in terms of "low exposure",
"medium exposure" and "high exposure".
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NOTE: In somelocations,sparkoverof clearancesmay limit the
overvoltages.

An area described as a "low exposure" area would have very
little lightning activity and few switching loads 011 the AC
power system. A "medium exposure" area is known for high
lightning activity, with frequent and severe switching
transients. When designing equipment for the global
environment it is expedient that it be, at least, designed for
use in an area with "medium exposure" transient occurrences.
"High exposure" areas are rare but real systems supplied by
long overhead transmission lines and sUbject to reflections at
line ends, where the characteristics of the installation produce
high sparkover levels of the clearances.

All indoor low-voltage AC power systems have an inherent
protection system built into the wiring of the building. Wiring
systems used in 120V - 240V systems have a natural spark-
over level of 6000V. This 6kV level has therefore been
selected as the worst case cutoff for the occurrence of
transients in the indoor power system. The transient
generated by spark-over creates a high energy, low
impedance pulse. The further away from the source of the
transient the protected equipment is located, the more the
energy is absorbed in the wiring impedance and the more the
equipment is protected. This, therefore, allows different size
suppressors to be used at different locations in the system,

Representative Transients

Table 1 reflects the surge voltages and currents deemed to
represent the indoor transient environment in a low-voltage
AC power system. When deciding on the type of device to
use as a transient voltage surge suppressor, it is
recommended that the device selected have, as a minimum,
the capability to handle the conditions called out in location
Category A of Table 1. The optimum device would preferably
have a minimum capability of surviving the transient occur-
rences called out in location Category B.

TABLE 1, SURGEVOLTAGESAND CURRENTSDEEMEDTO
REPRESENTTHE INDOORENVIRONMENT

IMPULSE
LOCATION MEDIUM
CATEGORY WAVEFORM EXPOSURE

A LongBranchCircuits O.511S 6kV
andOutlets 100kHz 200A

B MajorFeedersand 1.215011S 6kV
ShortBranchCircuits 8/2011S 3kA

O.511S 6kV
100kHz 500A

The investigation into the indoor low voltage system
revealed that location Category A encounters transients with
oscillatory waveshapes with frequency ranges from 5kHz to
more than 500kHz; the 100kHz being deemed most
common (Figure 2). Surges recorded at the service
entrance, location Category B, are both oscillatory and
unidirectional in nature. The typical "lightning surge" has
been established as 1.2/501ls voltage wave and 8/20llS
current wave (Figure 3).
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FIGURE 3B. DISCHARGE CURRENT WAVEFORM

FIGURE 3. UNIDIRECTIONAL WAVE SHAPES (OUTDOOR
LOCATIONS)

Transient Protection
Once it has been decided to include transient suppression in
the design of equipment, the next stage in the process is to
decide on what protection technology to use and on how to
use it. The transient suppressor selected must be able to
suppress surges to levels which are below the failure thresh-
old of the equipment being protected, and the suppressor
must survive a definite number of worst case transients.
When comparing the various devices available consider-
ations must be given to characteristics such as protection
levels required, component survivability, cost, and size.

There are a number of different technologies available for
use as a transient suppressor in the low voltage AC mains
system. Generally speaking, these can be grouped into two
major categories of suppressors: a) those that attenuate
transients, thus preventing their propagation into the
sensitive circuit; and b) those that divert transients away
from sensitive loads and so limit the residual voltage.

Attenuating a transient - that is, keeping it from propagating
away from its source or keeping it from impinging on a sensi-
tive load - is accomplished with by placing either filters or
isolating transformers in series within a circuit. The isolator
attenuates the transient (high frequency) and allows the
signal or power flow (low frequency) to continue undis-
turbed.

Diverting the transient can be accomplished with a crowbar
type device or with a voltage clamping device. Crowbar
device types involve a switching action, either the break-
down of a gas between electrodes or the turn on of a thyris-
tor. After switching on, they offer a very low impedance path
which diverts the transient away form the parallel-connected
load. Clamping devices have a varying impedance which
depends, either, on the current flowing through the device or
on the voltage across the terminals. These devices exhibit a
nonlinear impedance characteristic. The variation of the
impedance is monotonic; that is, it does not contain disconti-
nuities in contrast to the crowbar device, which exhibits a
turn on action.

The installation of a filter in series with the equipment seems
an obvious solution to overvoltage conditions. The
impedance of a low pass filter, e.g. a capacitor, forms a
voltage divider with the source impedance. As the frequency
components of a transient are several orders of magnitude
above the power frequency of the AC circuit, the inclusion of
the filter will result in attenuation of the transient at high
frequencies. Unfortunately, this simple approach may have
some undesirable side affects; a) unwanted resonances with
inductive components located elsewhere in the system
leading to high voltage peaks, b) high inrush currents during
switching and c) excessive reactive load on the power
system voltage. These undesirable effects can be reduced
by adding a series resistor, hence the popular use of RC
snubber networks. However, the price of the added
resistance is less effective clamping.

There is a fundamental limitation to the use of a filter for
transient suppression. Filter components have a response
which is a linear function of current. This is a big disadvan-
tage in a situation where the source of the transient is
unknown and it is necessary to assume a source impedance
or an open-circuit voltage. If the assumption of the charac-
teristics of the impinging transient are incorrect the
consequences for a linear suppressor is dramatic. A slight
change in the source impedance can result in a dispropor-
tionately increase in clamping voltage[6J.

Isolation Transformers
Isolation transformers generally consist of a primary and
secondary windings with an electrostatic shield between the
windings. The isolation transformer is placed between the
source and the equipment requiring protection. As its name
suggests, there is no conduction path between the primary
and secondary windings. A widely held belief is that
"isolation transformers attenuate voltage spikes" and "that
transients do not pass through the windings of the
transformer". When properly applied, the isolation
transformers is useful to break ground loops, i.e. block
common-mode voltages.

Unfortunately, a simple isolation transformer provides no
differential-mode attenuation[71. Thus, a differential-mode
transient will be transmitted through the windings of the
device. Also, an isolation transformer will not provide any
voltage regulation.
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During an overvoltage condition, a crowbar device changes
from being an insulator to an almost ideal conductor. Crow-
bars suppress transients by brute force, (they have the effect
of dropping a metal crowbar across the system). The main
type of crowbar device is the gas tube surge arrester.

The original offering in the spark gap surge suppression
family was a carbon blocks. The carbon block suppressor
used the principle of a voltage arcing across an air gap. The
air gap breaks down at approximately 150V per thousands
of an inch. The minimum size gap was used to provide the
lowest level of protection without disturbing regular system
operation. When a transient overvoltage occurred in the
system, the air gap in the carbon block would ionize and
break down. The breakdown of the gap forms a very low
impedance path to ground thus diverting the surge away
from the equipment. As soon as the overvoltage condition
was removed, the air gap is restored and system operation
is continued.

The disadvantage of carbon block spark gap technology was
that short duration pulses "pitted" the surface of the carbon
blocks, thus removing small pieces of the face material. This
material builds up after a number of surges, eventually
causing a permanently shortened gap resulting in the need
for protector replacement. This had a very adverse effect on
the maintenance and replacement costs of the protection
circuit. Another disadvantage of this technology was the
difficulty in exactly controlling the breakdown characteristics
over a wide variety of operating conditions.

In an effort to overcome the disadvantages of the carbon
block, a sealed spark gap was developed which uses an
inert gas in a sealed ceramic envelope. This technology is
known as a gas tube surge arrester. In a non conducting
mode the impedance of the gas is in the gigiohms region.
The gas is set to ionize at a predetermined voltage and
offers an extremely low impedance path to ground. Once the
overvoltage condition is removed the gas deionizes and the
circuit restores itself to its normal operating condition.

The gas tube arrester is an inherently bidirectional device
and is comprised of either two or three electrodes lying
opposite each other in the sealed chamber. When the
voltage across the arrester terminals exceeds a certain limit,
known as the firing or breakdown voltage, it triggers an
electric arc. This arc limits the voltages applied to the
connected equipment. Gas tubes have typical DC firing
voltages between 150V and 1000V. They have the smallest
shunt resistance of all nonlinear transient suppressors,
typically in the milliohm range. Their capacitance is low,
between 1pF and 5pF, and they are commonly found in high
frequency transmission applications, such as telephone
systems. Another advantage of this technology is its ability
to handle large currents (up to 20kA).

Gas tubes are transient duration dependent and do not
operate very successfully in a fast rising transient
environment. In the case of a 120VAC line, one would expect

,u u"" " \I"" IUU" wlln a !Iring vOltage of approximately
200VDC' Under a transient condition of 100V per microsec-
ond, the actual firing voltage of the gas tube turns out to be
over 500V[51. This slow response, resulting from the finite
time required for the gas to ionize, means that a transient will
be allowed to get through to the equipment. Also, when
faced with repeated surges, gas tubes tend to wear out over
time.

In applications where there is a normal operating voltage, as
in the AC mains, there is a possibility that the gas tube will
not reset itself once it has fired and suppressed the
transient. This condition is known as follow on current and is
defined by ANSI "as the current that passes through a
device from the connected power source following the pas-
sage of discharge current". Follow on current will maintain
conduction of the ionized gas after the transient has disap-
peared and the concern is that the follow on current may not
clear itself at a natural current zero and will result in a per-
manently destroyed gas tube. In an AC mains application, it
is not sufficient to rely solely on the crossings of the sinusoi-
dal voltage to extinguish the follow current. If a gas tube is to
be used in this type of application, then a current limiting
device must be inserted in series between the gas tube and
the source of the follow current.

Although rarely used on AC mains application, due to their
very low transient surge capability, silicon avalanche diodes
are an excellent surge suppressor in low voltage DC applica-
tions. Avalanche diodes are designed with a wider junction
than a standard zener diode. This wide junction gives them a
greater ability than a zener to dissipate energy. Avalanche
diodes offer the tightest clamping voltage of available
devices. When a voltage greater than the device breakdown
is applied, the diode will conduct in the reverse direction.

A peak pulse power rating is usually given on diode
datasheets. Common values are 600W and 1500W. This
peak pulse power is the product of the maximum peak pulse
current, Ipp, and the maximum clamping voltage, Vc, at a
current of Ipp during a 10/1000~s transient duration. Use of
peak power ratings may be confusing when transients of
other than 10/1OOO~sare to be considered. A maximum
energy rating for non-repetitive, short duration transients,
similar to that supplied with MOVs, may be of more benefit to
design engineers.

The V-I characteristics are the best features of the avalanche
diode. Low voltage devices look extremely good. The
avalanche diodes has an excellent clamping voltage capabil-
ity, but only over a small range of current (1 decade). The
biggest disadvantage to using the avalanche diode as a
transient suppressor on an AC mains line is its low peak
current handling capability. Due to their being, at most, only
two P-N junctions in a device their is very little material
available for the dissipation of the peak power generated
during high energy pulses.



A metal oxide varistor (MOV) is a nonlinear device which
has the property of maintaining a relatively small voltage
change across its terminals while a disproportionately large
surge current flows through it. This nonlinear action allows
the MOV to divert the current of a surge when connected in
parallel across a line and hold the voltage to a value that
protects the equipment connected to that line. Since the
voltage across the MOV is held at some level higher than the
normal line voltage while surge current flows, there is energy
deposited in the varistor during its surge diversion function.

The basic conduction mechanism of a MOV results from
semiconductor junctions (P-N junctions) at the boundaries of
the zinc oxide grains. A MOV is a multi junction device with
millions of grains acting as a series-parallel combination
between the electrical terminals. The voltage drop across a
single grain in nearly constant and is independent of grain
size.

The material of a metal oxide varistor is primarily zinc oxide
with small additions of bismuth, cobalt, manganese and
other metal oxides. The structure of the body consists of a
matrix of conductive zinc oxide grains separated by grain
boundaries, which provide the P-N junction semiconductor
characteristics. When the MOV is exposed to surges, the
zinc oxide exhibits a "bulk action" characteristic permitting it
to conduct large amounts of current without damage. The
bulk action is easily explained by imagining this material to
be made up of an array of semiconducting P-N junctions
arranged electrically in series and parallel so that the surge
is shared among all of the grains. Because of the finite
resistance of the grains, they act as current limiting resistors
and, consequently current flow is distributed throughout the
bulk of the material in a manner which reduces the current
concentration at each junction.

The MOV has many advantages which make it ideal for use
as a suppressor on the low voltage AC power line. The bulk
nature of its construction gives it the required energy
handling capability to handle the secondary level transients
resulting from indirect lightning hits.

MOVs are both cost and size effective, are widely available
and do not have a significant amount of overshoot. The
flexibility available in the manufacturing of these devices
means that different size varistors are available for transient
suppression in all categories of the ANSI/IEEE C62.41
standard. They have no follow on current and their response
time is more than sufficient for the types of transients
encountered in the AC mains environment.

One perceived disadvantage of a MOV is the degradation
which is perceived to be suffered by the varistor under a long
period of repetitive transient overvoltages. A common mis-
conception is that the device is irreversibly damaged every
time it has to suppress a transient. This is not the case!

Under high energy transient conditions in excess of the
device ratings, the V-I characteristics of the varistor are seen
to change. This change is reflected in a decrease in the
nominal varistor voltage. After applying a second or third
pulse the nominal varistor voltage can be seen to return to

its original value (Figure 4). To be conservative, peak pulse
limits have been established which, in many cases, have
been exceeded many fold without causing harm to the
device. Field studies and laboratory tests have shown that
the degradation which may result, after a number of pulses
outside the ratings of the device, is safe for the equipment
being protected. This does not mean that the established
limits should be ignored but rather viewed in the perspective
of the definition of a failed device. A failed device shows a
±10% change in the nominal varistor voltage at the 1mA
point. This does not imply a non-protecting device, but rather
a device whose clamping voltage has been slightly altered.
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FIGURE 4. REPETITIVE PULSE WITHSTAND CAPABILITIES

The avoidance of this form of failure mode is extremely
simple. Harris Semiconductor, the leading manufacturer of
varistors in this country, recommends that the way to ensure
the degradation failure mode is avoided is to follow the
simple rule; "Select the correct size of varistor". Time and
again it has been proven that this type of failure mode only
occurs when an incorrect sized/rated device is used.

A range of standard varistors, avalanche diodes, gas tube
arresters and filter capacitors were evaluated under a 6kV,
0.511Sx 100kHz ring wave. This transient replicates that called
out in location Category A of the ANSVlEEE C62.41 and is the
most benign condition expected in this location. All of the
selected devices are rated for use on a 120VAC line. The
results obtained from this evaluation are per Table 2.

TABLE 2. COMPARATIVE PERFORMANCE DATA IS)

DEVICE AVERAGE FAILS/
PROTECTION PART PROTECTION SAMPLE

TECHNOLOGY NUMBER LEVEL (kV) SIZE

Metal Oxide V130LA1 0.51 0/10
Varistor V130LA5 0.50 0/10

V130LA10A 0.49 0/10

Silicon Avalanche 1.5KE200C 0.48 2/10
Diode

Gas Tube Surge CG2-230 0.67 0/10
Arrester

Filter Capacitor C280A- 1.30 0/10
EA4K7
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The conclusions from this evaluation were: a) the silicon
avalanche diode had the lowest level of performance; b)
since location Category A is the location requiring the
smallest sized suppressor, how can a device which does not
survive this testing be considered an adequate suppressor?

Not only does the avalanche diode fail, but it is also very
expensive when compared with an equivalently rated metal
oxide varistor. There are avalanche diodes available, in the
15kW family, which absorb large amounts of energy and it is
assumed that these devices will meet the transient
requirements of this test. From a cost comparisons, these
devices are 15 - 20 times more expensive than an
equivalent MOV.

This test further verifies that avalanche diodes become less
effective at higher voltages - that is as the voltage rating
increases their current capability decreases. Just the
opposite is true for the metal oxide varistor. To overcome the
avalanche diode's weaknesses, devices are connected in
series. In this situation its best feature - clamping voltage -
now becomes its downfall. Even with extremely close
matching of the V-I characteristics, there can be large
differences in current distribution when the devices are
paralleled. Metal oxide varistors are not generally
recommended for parallel operation, since they must also
be matched, but the matching is to a lesser degree than
in diodes.

One of the primary requirements for a device rated for
suppression of transients on the AC mains is its ability to
handle large amounts of energy. In order for a device to
have a high energy handling capability, it requires a large
amount of bulk material with a high specific heat value in the
immediate vicinity of the P-N junctions. The primary material
in a metal oxide varistor is zinc oxide and the average grain
size for a MOV used in an AC application is 20 microns.
Observations over a range of compositional variations and
processing conditions show a fixed voltage drop of between
2V - 3V per grain with boundary junctions evenly distributed
along their edges. In the case of a 14mm varistor, part
number V130LA10A, which is commonly used in protection
of equipment in Category B locations, it would have an
approximate volume of 220mm3 of material in the immediate
vicinity of the P-N grain junctions. An equivalent silicon
avalanche diode would have approximately 0.106mm3 in
their single P-N junction vicinity. Comparing the volume of
the varistor and the diode in the immediate vicinity of the
junction, the varistor has more than 2000 times a larger
mass available. Thus, the peak temperature in the bulk
material of the varistor per energy absorbed is much lower
than that for the single silicon avalanche diode junction. It is
the millions of P-N junctions, which are an integral part of the
MOV structure, that gives it excellent thermal and energy
handling properties.

After evaluating the advantages and disadvantages of the
various suppression technologies available, the device of
choice is clearly the metal oxide varistor. Once the decision
has been made as to which technology to use, it is now
necessary to decide on the actual device to select for a
particular application.

Metal oxide varistors have a wide variety of options available
in each voltage family. These offerings cover the large
number of different applications in the low voltage AC
environment, plus they address the different prevailing trains
of thought on the correct device to use. Device rating is
dependent on device size and within each voltage family are
a number of different rated parts. Common sizes of varistor
are 7, 10, 14, 20, 32, 40 and 60mm, with a number of
different package options also available in each size. This
advantage of the flexibility in the manufacturing of the MOV
also, unfortunately, tends to confuse the user as to how
select the correct device for a particular application.

To select the correct varistor for a specific application,
determine the following information:

1.The maximum system RMS voltage.

2. How is the MOV to be connected?

3. The MOV with a voltage 10% - 25% above system voltage.

4. The worst-case transient energy that will need to be
absorbed by the MOV. (Use the guidelines called out in
ANSI/IEEE C62.41 -1980).

5. The clamping voltage required for system protection (As
device size increases, for a given voltage family, the
clamping voltage gets better).

[1] "ANSVIEEE C62.41 -1980 Guide On Surge Voltages In
Low-Voltage AC Power Circuits".

[2] "Voltage Transients and Their Suppression", Corbett, M.,

[3] "Understanding AC Line Transient Immunity", Dash, G.
and Straus, I.

[4] "Suppression Of Voltage Transients Is An Art Trying To
Be A Science", GE # 660.33.

[5] "Surge Protection of Electronics", Haskell, Jr., N.H., P.E.

[6] "Transient Voltage Suppression Devices", Harris Semi-
conductor DB450.

[7] "The Propagation and Attenuation of Surge Voltages
and Currents in Low Voltage AC Circuits", Martzloff,
F.D., - 1984.

[8] "Protective Level Comparison of Voltage Transient
Suppressors", Hopkins, D.C.

[9] "Comparison of Transient Suppressors!", Korn, S.
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The material in this guide has been arranged in 3 parts for
easy reference; Section A, Section B and Section C.

"A" is for Applications

This section provides general guidelines on what types of
MOV products are best suited for particular environments.

"B" is for Basics

This section explains what Metal Oxide Varistors are, and
the basic function they perform.

"C" is for Common Questions

This section helps clarify important information about MOVs
for the design engineer, and answers questions that are
asked most often.

Want to know more? For a copy of the latest Harris MOV
data book, please contact your local Harris sales represen-
tative. For technical assistance, call 908-685-6000 and ask
for Power/MOV Applications.

Applications
To properly match the right MOV with a particular applica-
tion, it is desirable to know:

1. The maximum system RMS or DC voltage.

2. The MOV voltage at 10 - 25% above maximum system
voltage.

3. The worst-case transient energy that will need to be
absorbed by the MOV.

When the above information is available, these charts offer
basic application guidelines:

AC PACKAGING PREFERRED
VOLTAGE ENERGY AND OTHER MOV

(V) (J) CONSIDERATIONS FAMILY

AC APPLICATIONS

130-1000 11-360 Through-Hole Board LA Series
Mounting "C" III Series
Low/Medium AC
Power Lines

130-660 70·250 ShocklVibration PASeries
Environment
Quick Connect
Terminal

130-275 11-23 Surface Mount CH Series

130-750 270-1050 High-Energy DA Series
Applications HA Series
ShocklVibration NA Series
Environment DB Series

130-880 450-3200 Primary Power Line BA Series
Protection

1100-2800 3800- Rigid Terminal for BB Series
10000 Secure Wire

Contact

DC APPLICATIONS

4-460 0.1-35 Through-Hole Board ZA Series
Mounting
Automotive Applica-
tions

10-115 0.8-23 Surface Mount CH Series

9-431 0.06 - Axial Leaded MASeries
1.70

3.5-68 0.1-1.2 Surface Mount ML
Multilayer

18 3-25.0 Automotive Surface AUML
Mount
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ML Series - .-

MotorControl ZA,LA,"C" III,PA,HA,NA,
BA,BB,DAand DB Series

Transformer(PrimaryProtection) ZA, LA,"C" III, PA,BA,BB,
DA, DB,HAand NA Series

Instrumentation MA,ZA, MLandCH Series

Automotive(Primary/Secondary ZA, CHand AUMLSeries
Protection)

NoiseSuppression MA, ML,CH,ZA and LA,
"C" III Series

PowerSupply PA,LA,"C" III,ZA,HA,NA,
BA,BB,DAand DB Series

TransientVoltageSuppressor LA,"C" III, HA and NA
Strip Series

What is a Harris MOV?

A Harris MOV is a Metal Oxide Varistor. Varistors are voltage
dependent, nonlinear devices which have an electrical behavior
similar to back-to-back zener diodes. The varisto~s symmetri-
cal, sharp breakdown characteristics enable it to provide excel-
lent transient suppression performance. When exposed to high
voltage transients, the varistor impedance changes many
orders of magnitude - from a near open circuit to a highly con-
ductive level - and clamps the transient vo~age to a safe level.
The potentially destructive energy of the incoming transient
pulse is absorbed by the varistor, thereby protecting vulnerable
circuit components and preventing potentially costly system
damage.

What is a Harris MOV Made Of?

The Harris varistor is composed primarily of zinc oxide with
small additions of bismuth, cobalt, manganese and other
metal oxides. The structure of the body consists of a matrix
of conductive zinc oxide grains separated by grain bound-
aries which provide P-N junction semiconductor characteris-
tics.

What is the Scope of the Harris MOV Product Line?

Standard Harris varistors are available with AC operating
voltages from 2.5V to 3200V. Higher voltages are limited
only by packaging ability. Peak current handling exceeds
70,000 amps, and energy capability extends beyond 10,000
joules for the larger units. Package styles include the tiny
tubular device used in connectors, and progress in size up to
the rugged industrial blocks.

Common Questions
Approvals

Q. Are MOVs subject to UL listing or CSA approval?

A. Yes. All Harris MOVs rated at 130VRMS or higher are
UL-listed under file number E75961 and/or E56529.
(These include all BAlBB, DAlDB, LA and PA series

U"VI"":; are UL approvea to lIIe number E135010.
Many Harris MOVs are CSA approved, including LA
and PA series types. Check the latest copy of the Har-
ris MOV data book for complete, up-to-date approvals.

Automotive Environment

Q. How can a radial MOV meet the automotive require-
ments for temperature cycle and 125°C operating tem-
peratures?

A. On request. Harris MOVs can be coated with a special
phenolic material that withstands these harsh condi-
tions. Special part number designations will be
assigned. Multilayer and RA series parts are designed
to run at 125°C without derating.

Connecting MOVs for Added Protection

Q. Can MOVs be connected in parallel?

A. Yes. The paralleling of MOVs provides increased peak
current and energy-handling capabilities for a given
application. The determination of which MOVs to use
is a critical one in order to ensure that uniform current
sharing occurs at high transient levels. It is recom-
mended that Harris performs this screening and selec-
tion process.

Q. Can MOVs be connected in series to provide greater
protection?

A. Yes. MOVs can be connected in series to provide volt-
age ratings higher than those normally available, or to
provide ratings between the standard offerings.

Q. How are MOVs connected for single-phase and three-
phase protection?

A. FOR SINGLE-PHASE AC: The optimum protection is
to connect evenly rated MOVs from hot-neutral, hot-
ground and neutral-ground. If this configuration is not
possible, connection between hot-neutral and hot-
ground is best.
FOR THREE-PHASE AC: Please refer to the Harris
MOV data book.

Current, Steering or Directing

Q. Does an MOV simply steer current?

A. No. It is incorrect to believe that an MOV device merely
re-directs energy. In fact, the MOV dissipates heat
energy within the device by actually absorbing this
energy. The degree or level to which this absorption
can take place is dependent on the energy rating of
the device.

Date Codes

Can you explain the date codes on a Harris MOV?

The date codes tell you when the device was manu-
factured. Presently there are two methods used. A
"character-digit" (month-year) system or a "four digit"
(year-year-week-week) system where the first two dig-
its represent the year (95 = 1995) and the second two
digits represent the sequential week of the year. Even-



tually, all product will utilize the "four digit" method. In
addition to the date code, the parts will carry the Harris
logo and UL, CSA monograms where appropriate.

Failure of Device and Fuse Selection

Q. How does an MOV fail?

A. An MOV is designed to fail as a short circuit. If applied
conditions significantly exceed the energy rating of the
device, the MOV may be completely destroyed. For
this reason, the use of current-limiting fuses is sug-
gested.

Q. How do you select a fuse to prevent failure of an Q.
MOV?

A. Fuses should be chosen to limit current below the
level where damage to the MOV package could occur.
Specific guidance is provided in the Harris MOV data
book. Generally, the fuse should be placed in series
with either the varistor or the line.

Heavy MetalslCFCs

Q. Are heavy metals such as cadmium or mercury or
CFCs used in the manufacture of Harris MOVs?

A. No. There are no heavy metals or CFCs used in the
manufacture of Harris MOVs.

Lead Inductance/Lead Forms/Lead Coating

Q. Does lead inductance/capacitance affect MOV perfor-
mance?

A. Yes. Transient wave forms with steep fronts (,,1~s)
and in excess of several amps produce an increase in
voltage across the varistor. This is a characteristic of
all leaded devices including zeners, known as over-
shoot. Unlike zeners, MOVs such as our CH, CPV/CS
and MUAUML series are leadless and do not exhibit
overshoot.

Q. What standard lead forms are available on Harris
radial MOVs?

A. Radial lead types include outcrimp, undercrimp and
inline configurations and meet several criteria for cir-
cuit board components (e.g., mechanical stability, lead
length and solderability). Harris radial MOVs are also
available in tape-and-reel packaging to accommodate
auto-insertion equipment.

Q. Are MOV leads coated or tinned?

A. Yes. All leads are electroplated to provide a uniform
surface. This process ensures that a subsequent sol-
der coat may be evenly applied.

Part Numbering

Q. What information does an MOV part number provide?

A. MOV part numbers were created to impart product
data. Each designation follows the pattern:
LEITER/N UMBER/LEITE R/NUMBE R/LEITER.

Letter .... The prefix "V" stands for Varistor.

Number .. Depending on the product family, this
number indicates either a) the maximum AC(RMS)con-

tinuous voltage the device can handle or b) the nomi-
nal DC voltage (measured with a 1mA test current
through the varistor).

Letter .... These two letters (LA, DB, PA, etc.) corre-
spond to a specific product series and package config-
uration.

Number ... This number represents the relative
energy rating.

Letter .... This final letter indicates the voltage
selection of the device.

Why isn't the entire part number branded on the
device?

A. The small size of some components cannot accommo-
date the relatively lengthy part number. Consequently,
abbreviated brands are used. The Harris MOV data
book lists these abbreviated brands (along with their
corresponding factory part numbers) in the device rat-
ings and characteristics tables of each series.

Sensitivity

Q. Are MOVs sensitive to polarity?

A. No. MOVs can be used in a bi-directional mode, and
provide equal protection in both directions.

Q. Are MOVs sensitive to electrostatic discharge?

A. No. In fact, MOVs are specifically designed to protect
sensitive integrated circuits from ESD spikes.

Q. Generally speaking, are MOVs sensitive to chemicall
pressure when potted?

A. No.

Speed of Response, Compared to Zeners

Q. Are zeners significantly faster than MOVs?

A. No, not to the extent of the claims made by many
zener manufacturers. The intrinsic response time of
MOV material is 500 picoseconds. As the vast majority
of transients have a slower rise time than this, it is of
little or no significance to compare speeds of
response. The response time of a leaded MOV or
zener is affected by circuit configuration and lead
inductance.

Voltage Regulation, Voltage Limits

Q. Can an MOV be used as a voltage regulator?

A. No. MOVs function as nonlinear impedance devices.
They are exceptional at dissipating transient voltage
spikes, but they cannot dissipate continuous low level
power.

Q. Is it possible to get MOVs with voltages other than
those listed in the data book?

A. Yes. The Harris MOV data book discusses standard
voltages only. Application-specific MOVs, with volt-
ages tailored to customer requirements, can be manu-
factured upon request. Contact your Harris sales
representative to discuss your individual needs.
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Suppression of Transients in an Automotive Environment
Author: Martin Corbett

Market surveys have shown that, while the automotive mar-
ket is growing about 2% a year in terms of new cars, the
actual content of electronics in the car is growing much
faster. The initial stage of the introduction of electronics into
the automobile began with discrete power devices and IC
components. These were to be found in the alternator recti-
fier, the electronic ignition system and the voltage regulator.
This was followed by digital ICs and microprocessors, which
are common in engine controls and trip computers. As semi-
conductor capability continues to expand, the usage of
smart power devices and massive memories will become
common. The benefits of this smart power will be found in
improved electronic controls and shared visual displays. To
completely benefit from these advances, protection from
transient overvoltages must be supplied.

As the control circuitry in the automobile continues to
develop, there is a greater need to consider the capability of
new technology in terms of survivability to the commonly
encountered transients in the automotive environment. The
circuit designer must ensure reliable circuit operation in this
severe transient environment. The transients on the automo-
bile power supply range form the severe, high energy,
transients generated by the alternator/regulator system to
the low-level "noise" generated by the ignition system and
various accessories. A standard automotive electrical
system has all of these elements necessary to generate
undesirable transients (Figure 1).

Unlike other transient environments where external
influences have the greatest impact, the transient environ-
ment of the automobile is one of the best understood. The
severest transients result from either a load dump condition
or a jump start overvoltage condition. Other transients may
also result from relays and solenoids switching on and off,
and from fuses opening.

Load Dump
The load dump overvoltage is the most formidable transient
encountered in the automotive environment. It is an expo-
nentially decaying positive voltage which occurs in the event
of a battery disconnect while the alternator is still generating
charging current with other loads remaining on the alternator
circuit at the time of battery disconnect. The load dump
amplitude depends on the alternator speed and the level of
the alternator field excitation at the moment of battery
disconnection. A load dump may result from a battery dis-
connect resulting from cable corrosion, poor connection or
an intentional battery disconnect while the car is still running.

Independent studies by the Society of Automotive Engineers
(SAE) have shown that voltage spikes from 2SVto 12SVcan
easily be generatedf1J, and they may last anywhere from
40ms to 400ms. The internal resistance of an alternator is
mainly a function of the alternator rotational speed and
excitation current. This resistance is typically between O.SQ
and 4Q (Figure 2).

~ Vs = 25V to 125V
VB = 14V

T = 40ms to 400ms



Jump Start

The jump start transient results from the temporary applica-
tion of an overvoltage in excess of the rated battery voltage.
The circuit power supply may be subjected to a temporary
overvoltage condition due to the voltage regulator failing or it
may be deliberately generated when it becomes necessary
to boost start the car. Unfortunately, under such an
application, the majority of repair vehicles use 24V "battery"
jump to start the car. Automotive specifications call out an
extreme condition of jump start overvoltage application of
up to 5 minutes.

The Society of Automotive Engineers(SAE) has defined the
automotive power supply transients which are present in the
system.

Table 1 shows some sources, amplitudes, polarity, and
energy levels of the generated transients found in the
automotive electrical system[2J.

ENERGY
CAPABILITY

FREQUENCY
LENGTHOF VOLTAGE OF
TRANSIENT CAUSE AMPLITUDE OCCURRENCE

SteadyState Failedvoltage . Infrequent
regulator

+18V

5 minutes Jumpstartswith . Infrequent
24Vbattery

±24V

200msto Loaddump; >10J Infrequent
400ms disconnectionof

batterywhileat <125V
highcharging

< 320~s Inductive-load <1J Often
switching
transient 300Vto +80V

200ms Alternatorfield <1J EachTurn-Off
decay

-100Vto -40V

90ms Ignitionpulse, <O.5J < 500Hz
batterydiscon- SeveralTimes
nected <75V in VehicleLife

1ms Mutualcoupling <1J Often
in harness

<200V

15~s Ignitionpulse, <O.OO1J < 500Hz
normal Continuous

3V

Accessorynoise <1.5V 50Hzto 10kHz

Transceiver =20mV R.F.
feedback

The achievement of maximum transient protection involves
many factors. First, consequences of a failure should be
determined. Current limiting impedances and noise immuni-
ties need to be considered. The state of the circuit under
transient conditions (on, off, unknown) and the availability of
low cost components capable of withstanding the transients
are other factors. Furthermore, the interaction of other parts
of the automotive electrical system with the circuit under
transient conditions may require definition.

The sensitive electronics of the automobile need to be
protected from both repetitive and random transients. In an
environment of random transients, the dominating
constraints are energy and clamping voltage vs standby
power dissipation. For repetitive transients, transient power
dissipation places an additional constraint on the choice of
suppression device.

It must also be noted that the worst case transient scenarios,
load dump and jump start, place conflicting constraints on
the automotive suppressor. The high energy content of the
load dump transient must be clamped to a worst case volt-
age of 40V, while the leakage currenVpower dissipation
drawn under a jump start condition must also be kept to a
minimum.

A centrally located suppressor is the principal transient
suppression device used in most automobiles. It is
connected directly across the main power supply line without
any intervening load resistance. It must be capable of
absorbing the entire available load dump energy, and must
also withstand the full jump start voltage. To be cost
effective, it is usually located in the most critical electronic
module. Additional secondary suppression is also employed
at other locations in the system for further suppression and
to control locally generated transients.

As previously mentioned, the maximum load dump energy
available to the central suppressor depends on a combina-
tion of the alternator size and the loads that share the surge
current and energy which are thus generated. It must be
remembered that there are many different automotive
electronic configurations which result in a variety of diverse
load dumps.

MultiLayer Transient Voltage Surge Suppressor
(AUML)[4,5J

The new automotive multilayer (AUML) transient voltage
suppressor is a voltage dependent, nonlinear device. It has
an electrical behavior similar to that of a back-to-back zener
diodes and it is inherently bidirectional. It offers protection
from transients in both the forward and reverse directions.
When exposed to high voltage transients, the AUML under-
goes a nonlinear impedance change which is many orders of
magnitude, from approximately 109 to 10Q.

The crystalline structure of the AUML transient voltage
suppressor consists of a matrix of fine, conductive grains
separated by uniform grain boundaries, forming P-N
junctions (Figure 3). These boundaries are responsible for
blocking conduction at low voltages, and are the source of
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vVJlUUI.;(lon OJ me transient energy taKes place between the
millions of P-N junctions present in the device. The uniform
crystalline grains act as heat sinks for the energy absorbed
by the device under a transient condition, and ensures an
even distribution of the transient energy (heat) throughout
the device. This even distribution results in enhanced
transient energy capability and long term reliability.

DEPLETION 1
REGION t000000

000000A4DDDDD
GRAINS

FIGURE 3. AUML TRANSIENT VOLTAGE SUPPRESSOR

The AUMl is constructed by forming a combination of alter-
nating electrode layers and semiconducting ceramic layers
into a rectangular block. Each alternate layer of electrode
material, separated by ceramic semiconducting material, is
connected to opposite end terminations of the device.

FIGURE 4. AUML INNER CONSTRUCTION

The paralleled arrangement of the inner electrode layers
represents significantly more active surface area than the
small outline of the package may suggest (Figure 4). This
increased active surface area, combined with an interdigi-
tated block formation, results in proportionally higher peak
energy capability.

The AUMl surge suppressor is a surface mountable device
that is much smaller in size than the components it is
designed to protect. The present size offerings for suppres-
sion in the automotive environment are "1210· (0.120 x

(0.220 x 0.200 inches). The correct device to use depends
on the location of the suppressor in the overall electronics
system.

Device Ratings and Characteristics
Package Outline

The present size offerings of the AUMl series are the indus-
try 2220, 1812 and 1210 standard form factors. Since the
AUMl device is inherently bidirectional, symmetrical orienta-
tion for placement on a printed circuit board is not a concern.
Its robust construction makes it ideally suitable to endure the
thermal stresses involved in the soldering, assembling and
manufacturing steps involved in surface mount technology.
The AUMl device is inherently passivated by means of the
fired ceramic material. They will not support combustion and
are thus immune to the risk of flammability which may be
present in the plastic or epoxy molded diode devices.

Load Dump Energy Capability

The most damaging classification of transients an automo-
bile must survive is a load dump discharge occurrence. A
load dump transient occurs when the alternator load in the
automobile is abruptly reduced and the battery clamping
effect is thus removed. The worst case scenario of the load
dump occurs when the battery is disconnected while
operating at full rated load. The resultant load dump energy
handling capability serves as an excellent figure of merit for
the AUMl suppressor.

Standard load dump specifications require a device capabil-
ity of 10 pulses at rated energy, across a temperature range
of -40°C to +125°C. This capability requirement is well within
the ratings of all of the AUMl series.

Due to the assortment of electronic applications in an
automotive circuit, there is a need for a wide range of surge
suppressors. The transient environment can generally be
divided into three distinct sections and there will be a need
for a different type of suppressor within each section. The
2220 size was designed for operation in the primary
transient area, i.e. directly across the alternator. The 1812
size for secondary protection and the 1210 size for tertiary
protection. A typically load dump transient results in an
energy discharge of approximately 100J (depending on the
size of the alternator). The deciding factor in the selection of
the correct size suppressor is the amount of energy which is
dissipated in the series and parallel loads in the circuit. The
higher the impedance between the battery and the system
requiring suppression, the smaller is the suppressor
required.

Random samples of the 1210, 1812 and 2220 devices were
subjected to repetitive load dump pulses at their rated
energy level. This testing was performed across a tempera-
ture spectrum from -40°C to +125°C. This temperature
range simulates both passenger compartment and under the
hood operation. There was virtually no change in the device
characteristics of any of the units tested (Figure 5).
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FIGURE 5. LOAD DUMP PULSING OVER A TEMPERATURE
RANGE OF • 55°C to +125°C

Further testing on the AUML series has resulted in the
extension the number of load dump pulses, at rated energy,
which are applied to the devices. The reliability information
thus generated gives an indication of the inherent capability
of the series of devices. The V18AUMLA1210 sample has
been sUbjected to over 2000 pulses at its rated energy of 3J;
the V18AUMLA1812 sample over 1000 times at 6J. The
V18AUMLA2220 sample has been pulsed at 25J over 300
times (Figure 6). In all cases there has been little or no
change in the device characteristics.
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FIGURE 6. REPETITIVE LOAD DUMP PULSING AT RATED
LOAD DUMP ENERGY

As previously discussed, the very high energy absorption
capability of the AUML suppressor series is achieved by
means of a new, highly controlled manufacturing process.
This new multilayer technology ensures that a large volume
of suppressor material, with an interdigitated layer construc-
tion, is available in an extremely small package. Unlike
equivalent rated silicon TVS diodes, all of the AUML device
package is available to act as an effective, uniform heat sink.
Hence, the peak temperatures generated by the load dump
transient are evenly dissipated throughout the complete
device. This even energy dissipation ensures that there are
lower peak temperatures generated at the P-N grain bound-
aries of the AUML suppressor.

Experience has shown that while the effects of a load dump
transient are of real concern, its frequency of occurrence is
much less than that of localized low energy inductive spikes.
Such low energy spikes may be generated as a result of
motors turning on and off, from ESD occurrences, or from
any number of other sources. It is essential that the suppres-
sion technology selected also has the capability to suppress

such transients. Testing on the V18AUMLA2220 has shown
that after being subjected to a repetitive energy pulse of 2J,
over 6000 times, no characteristic changes have occurred
(Figure 7).
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FIGURE 7. REPETITIVE ENERGY TESTING OF THE Vl8AUM-
LA2220 AT LOW ENERGY LEVELS

Clamping Voltage

The clamping voltage of a suppressor is the peak voltage
appearing across the device when measured under condi-
tions of a specified current pulse waveform. The industry
recommended waveform for clamping voltage is the 8/20~s
pulse which has been endorsed by UL, IEEE and ANSI. The
maximum clamping voltage of the AUML should be below the
system or component failure level. Shunt type suppressors
like the AUML are used in parallel to the systems they protect.
Their effectiveness can be increased by understanding the
important influence that source and line impedance play in the
overall system (Figure 8).

SYSTEM
TO BE

PROTECTED

FIGURE 8. VOLTAGE DIVISIONS BETWEEN SOURCE, LINE
AND SUPPRESSOR IMPEDANCE

To obtain the lowest clamping voltage (Vel possible, it is
desirable to use the lowest suppressor impedance
(ZSUPPRESSOR) and the highest line impedance (ZUNE)' The
suppressor impedance is an inherent feature used to select
the device, but the line impedance can become an important
factor in selecting the location of the <;uppressc: "uyadding
resistances or inductances in series.

v _ VSUPPRESSOR x VSOURCE

C - ZSUPPRESSOR + ZLiNE + ZSOURCE
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Speed of Response

The clamping action of the AUML suppressor depends on a
conduction mechanism similar to that of other semiconduc-
tor devices (i.e. the P-N Junction). The apparent slow
response time often associated with transient suppressors is
due to parasitic inductance in the package and leads of the
device, and is independent of the conducting material. The
most critical element affecting the response time of a
suppressor is the inductance of the lead material and hence
the lead length.

The AUML suppressor is a surface mount device with no
leads or external packaging, and thus, virtually zero
inductance. The response time of a AUML surge suppressor
is in the 1ns to 5ns range, which is more than sufficient for
the transients which are encountered in the automotive
environment.

Temperature Effects

In the off-state (leakage) region of the multilayer suppressor,
the device characteristics approach a linear (ohmic)
relationship and shows a temperature dependent affect. In
this region the suppressor is in a very high resistance mode
(approaching 1090) and appears as a near open circuit.
Leakage currents at maximum rated voltage are in the low
microamp range. When suppressing transients at higher
currents (at and above the ten milliamp range). the AUML
suppressor approaches a near short-circuit. In this region
the characteristics of the AUML are virtually temperature
independent. The clamping voltage of a multilayer transient
voltage suppressor are the same at -55°C and +125°C
(Figure 9).
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FIGURE 9. TYPICAL V - I CHARACTERISTICS OF THE
V18AUMLA2220 AT -40°C, +250C, +85°C
AND +1250C

Soldering Recommendations for
Multilayer Surge Suppressors[6]
When soldering all surface mount components onto printed
circuit boards there are certain materials, parameters and
processes which must be considered. These include:

1. Printed Circuit Board Material

2. Flux used

3. Land Pad Size

4. Soldering Methods
4.1 Infrared Reflow Solder
4.2 Vapor Phase Solder
4.3 Wave Solder

5. Cleaning Methods and Fluids Employed

Substrates

There are a wide choice of substrate materials available for
use as printed circuit boards in a surface mount application.
The main factors which determine the choice of material to
use are:

1. Electrical performance

2. Size and weight limitations

3. Thermal characteristics

4. Mechanical characteristics

5. Cost

When choosing a substrate material, the coefficient of ther-
mal expansion for the ML surface mountable suppressor of
6ppmf'C is an important consideration. Non-organic materi-
als (ceramic based substrates), like aluminum or beryllia,
which have coefficients of thermal expansion of 5ppm -
7ppmf'C, are a good match. Table 2 below outlines some of
the other materials used, and also there more important
properties pertinent to surface mounting.

While the choice of substrate material should take note of
the coefficient of expansion of the devices, this may not be
the determining factor in whether a device can be used or
not. Obviously the environment of the finished circuit board
will determine what level of temperature cycling will occur. It
is this which will dictate the criticality of the match between
device and printed circuit board. Currently for most applica-
tions the ML series use FR4 boards without issue.

TABLE 2. SUBSTRATE MATERIAL PROPERTIES

MATERIAL PROPERTIES

XY
GLASS COEFFICIENT THERMAL

TRANSITION OFTHERMAL CONDUC-
SUBSTRATE TEMPERATURE EXPANSION nVITY
STRUCTURE (OC) (PPMI"C) (WlMoC)

Epoxy Fiberglass 125 14·18 0.16
FR4

Polyamide 250 12 - 16 0.35
Fiberglass

Epoxy Aramid 125 6-8 0.12
Fiber

FiberfT etlon 75 20 0.26
Laminates

Aluminum- Not Available 5-7 21.0
Beryllia (Ceramic)



Fluxes

Fluxes are used for the chemical cleaning of a substrate
surface. They will remove any surface oxides, and will also
prevent reoxidation. They can contain active ingredients such
as solvents for removing soils and greases. Nonactivated fluxes
("R" type) are relatively effective in reducing oxides of copper,
nickel or palladium/silver metallizations and are recommended
for use with the Harris surface mount suppressor range.

Mildly activated fluxes ("RMA" type) have natural and
synthetic resins, which reduce oxides to metal or soluble
salts. These "RMA" fluxes are generally not conductive nor
corrosive at room temperature and are the most commonly
used in the mounting of electronic components.

The "RA" type (fully activated) fluxes are corrosive, difficult to
remove, and can lead to circuit failures and other problems.
Other nonresin fluxes depend on organic acids to reduce
oxides. They are also corrosive after soldering and also can
damage sensitive components. Water soluble types in
particular must be thoroughly cleaned from the assembly.

Environmental concerns, and associated legislation, has led
to a growing interest in fluxes with residues that can be
removed with water or water and detergents (semiaqueous
cleaning). Many RMA fluxes can be converted to water
soluble forms by adding saponifers. There are detergents
and semiaqueous cleaning apparatus available that effec-
tively remove most RMA type fluxes. Semiaqueous cleaning
also tends to be less expensive than solvent cleaning in
operations where large amounts of cleaning are needed.

For the Harris Semiconductor range of surface mount
varistors, nonactivated "R" type fluxes such as Alpha 100 or
equivalent are recommended.

Land Pad Patterns

Land pad size and patterns are one of the most important
aspects of surface mounting. They influence thermal, humid-
ity, power and vibration cycling test results. Minimal changes
(even as small as 0.005 inches) in the land pad pattern have
proven to make substantial differences in reliability.

This design /reliability relationship has been shown to exist
for all types of designs such as in J-Iead, quadpacks, chip
resistors, capacitors and small outline integrated circuit
(SOIC) packages. Optimum and tested land pad dimensions
are provided for some surface mounted devices along with
formulas which can be applied to different size varistors.
Figure 10 gives optimum land patterns for the direct mount
multilayer devices, while Table 3 outlines the optimum size of
the land pad for each device size.
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TABLE 3. RECOMMENDED MOUNTING PAD OUTLINE

DIMENSION

W+0.01
SUPPRESSOR SIZE T+M L-2M OR 0.02·W

1206 1.65 1.85 2.62

1210 1.85 1.85 3.73

1812 1.85 3.20 4.36

2220 1.84 4.29 6.19

Solder Materials and Soldering Temperatures

No varistor should be held longer than necessary at an
elevated temperature. Exceeding the temperature and time
limits can result in excessive leakage and alterations of the
I-V characteristics.
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FIGURE 11. RECOMMENDED TIME AND SOLDER TEMPERATURE

To ensure that there is no leeching of the silver electrode on
the varistor, solders with at least 2% silver content are
recommended (62 Sn I 36 Pb I 2 Ag). Examples of silver
bearing solders and their associated melting temperatures
are per Table 4.

TABLE 4. SILVER BEARING SOLDERS (ALPHA METALS)

MELTING TEMPERATURE

ALLOY OF °C

62Snl36Pb/2Ag 355 179

96.5Sn/3.5Ag 430 221

95Sn/5Ag 430·473 221 - 245

20Sn/88Pb/2Ag 514-576 268 - 302

Soldering Methods

There are a number of different soldering techniques used in
the surface mount process. The most common soldering
processes are infra red reflow, vapor phase reflow and wave
soldering.

For the Harris surface mount suppressor range, the solder
paste recommended is a 62/36/2 silver solder. While this
configuration is best, other silver solder pastes can also be
used. In all soldering applications, the time at peak tempera-
ture should be kept to a minimum. Any temperature steps
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process, care should be taken to ensure that the chip is
never subjected to a thermal gradient of greater than +4°C
per second; the ideal gradient being +2°C per second. For
optimum soldering, preheating to within +100oC of the peak
soldering temperature is recommended; with a short dwell at
the preheat temperature to help minimize the possibility of
thermal shock. The dwell time at this preheat temperature
should be for a time greater than 10T2 seconds, where T is
the chip thickness in millimeters. Once the soldering process
has been completed, it is still necessary to protect against
further effects of thermal shocks. One possible cause of
thermal shock at the post solder stage is when the hot
printed circuit boards are removed from the solder bath and
immediately subjected to cleaning solvents at room temper-
ature. To avoid this thermal shock affect, the boards must
first be allowed to cool to less than +50oC prior to cleaning.

Two different resistance to solder heat tests are routinely
performed by Harris Semiconductor to simulate any possible
effects that the high temperatures of the solder processes
may have on the surface mount chip. These tests consist of
the complete immersion of the chip in to a solder bath at
+260oC for 5 seconds and also in to a solder bath at +220oC
for 10 seconds. These soldering conditions were chosen to
replicate the peak temperatures expected in a typical wave
soldering operation and a typical reflow operation.

Reflew Soldering

There are two major reflow soldering techniques used in
SMT today:

1. InfraRed (IR) Reflow

2. Vapor Phase Reflow

The only difference between these two methods is the
process of applying heat to melt the solder. In each of these
methods precise amounts of solder paste are applied to the
circuit board at points where the component terminals will be
located. Screen or stencil printing, allowing simultaneous
application of paste on all required points, is the most com-
monly used method for applying solder for a reflow process.
Components are then placed in the solder paste. The solder
pastes are a viscous mixture of spherical solder powder,
thixotropic vehicle, flux and in some cases, flux activators.

During the reflow process, the completed assembly is
heated to cause the flux to activate, then heated further,
causing the solder to melt and bond the components to the
board. As reflow occurs, components whose terminations
displace more weight, in solder, than the components weight
will float in the molten solder. Surface tension forces work
toward establishing the smallest possible surface area for
the molten solder. Solder surface area is minimized when
the component termination is in the center of the land pad
and the solder forms an even fillet up the end termination.
Provided the boards pads are properly designed and good
wetting occurs, solder surface tension works to center com-
ponent terminations on the boards connection pads. This
centering action is directly proportional to the solder surface
tension. Therefore, it is often advantageous to engineer

surface tension in wave soldering.

In designing a reflow temperature profile, it is important that
the temperature be raised at least 20°C above the melting or
liquidus temperature to ensure complete solder melting, flux
activation, joint formation and the avoidance of cold melts.
The time the parts are held above the melting point must be
long enough to alloy the alloy to wet, to become homoge-
nous and to level, but not enough to cause leaching of
solder, metallization or flux charring.

A fast heating rate may not always be advantageous. The
parts or components may act as heat sinks, decreasing the
rate of rise. If the coefficients of expansion of the substrate
and components are too diverse or if the application of heat
is uneven, fast breaking or cooling rates may result in poor
solder joints or board strengths and loss of electrical conduc-
tivity. As stated previously, thermal shock can also damage
components. Very rapid heating may evaporate low boiling
point organic solvents in the flux so quickly that it causes
solder spattering or displacement of devices. If this occurs,
removal of these solvents before reflow may be required. A
slower heating rate can have similar beneficial effects.

InfraRed (IR) Reflew

InfraRed (IR) reflow is the method used for the reflowing of
solder paste by the medium of a focused or unfocused infra
red light. Its primary advantage is its ability to heat very
localized areas.

The IR process consists of a conveyor belt passing through
a tunnel, with the substrate to be soldered sitting on the belt.
The tunnel consists of three main zones; a non-focused
preheat, a focused reflow area and a cooling area. The
unfocused infrared areas generally use two or more emitter
zones, thereby providing a wide range of heating profiles for
solder reflow. As the assembly passes through the oven on
the belt, the time/temperature profile is controlled by the
speed of the belt, the energy levels of the infrared sources,
the distance of the substrate from the emitters and the
absorptive qualities of the components on the assembly.

The peak temperature of the infrared soldering operation
should not exceed 220°C. The rate of temperature rise from
the ambient condition to the peak temperature must be
carefully controlled. It is recommended that no individual
temperature step is greater than 80°C. A preheat dwell at
approximately 150°C for 60 seconds will help to alleviate
potential stresses resulting from sudden temperature
changes. The temperature ramp up rate from the ambient
condition to the peak temperature should not exceed 4°C
per second; the ideal gradient being 2°C per second. The
dwell time that the chip encounters at the peak temperature
should not exceed 10 seconds. Any longer exposure to the
peak temperature may result in deterioration of the device
protection properties. Cooling of the substrate assembly
after solder reflow is complete should be by natural cooling
and not by forced air.

The advantages of IR Reflow are its ease of setup and that
double sided substrates can easily be assembled. Its biggest



disadvantage is that temperature control is indirect and is
dependent on the IR absorption characteristics of the
component and substrate materials.

On emergence from the solder chamber, cooling to ambient
should be allowed to occur naturally. Natural cooling allows a
gradual relaxation of thermal mismatch stresses in the
solder joints. Forced air cooling should be avoided as it can
induce thermal breakage.

The recommended temperature profile for the IR reflow
soldering process is as Figure 12 and Table 5.
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INFRARED (IR) REFLOW

TEMPERATURE (OC) TIME (SECONDS)

25-60 60

60-120 60

120-155 30

155-155 60

155-220 60

220-220 10

220-50 60

Vapor Phase Reflow

Vapor phase reflow soldering involves exposing the assem-
bly and joints to be soldered to a vapor atmosphere of an
inert heated solvent. The solvent is vaporized by heating
coils or a molten alloy, in the sump or bath. Heat is released
and transferred to the assembly where the vapor comes in

contact with the colder parts of the substrate and then
condenses. In this process all cold areas are heated evenly
and no areas can be heated higher than the boiling point of
the solvent, thus preventing charring of the flux. This method
gives a very rapid and even heating affect. Further
advantages of vapor phase soldering is the excellent control
of temperature and that the soldering operation is performed
in an inert atmosphere.

The liquids used in this process are relatively expensive and
so, to overcome this a secondary less expensive solvent is
often used. This solvent has a boiling temperature below
SOOC. Assemblies are passed through the secondary vapor
and into the primary vapor. The rate of flow through the
vapors is determined by the mass of the substrate. As in the
case of all soldering operations, the time the components sit
at the peak temperature should be kept to a minimum. In the
case of Harris surface mount suppressors a dwell of no
more than 10 seconds at 222°C is recommended.

On emergence from the solder system, cooling to ambient
should be allowed to occur naturally. Natural cooling allows a
gradual relaxation of thermal mismatch stresses in the
solder joints. Forced air cooling should be avoided as it can
induce thermal breakage.

The recommended temperature profile for the vapor phase
soldering process is as Figure 13 and Table 6.
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FIGURE 13. TYPICAL TEMPERATURE PROFILE FOR VAPOR
PHASE REFLOW SOLDERING

INFRARED (IR) REFLOW

TEMPERATURE (OC) TIME (SECONDS)

25-90 8
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Wave Solder

This technique, while primarily used for soldering thru hole
or leaded devices inserted into printed circuit boards, has
also been successfully adapted to accommodate a hybrid
technology where leaded, inserted components and
adhesive bonded surface mount components populate the
same circuit board.

The components to be soldered are first bonded to the
substrate by means of a temporary adhesive. The board is
then fluxed, preheated and dipped or dragged through two
waves of solder. The preheating stage serves many
functions. It evaporates most of the flux solvent, increases
the activity of the flux and accelerates the solder wetting. It
also reduces the magnitude of the temperature change
experienced by the substrate and components.

The first wave in the solder process is a high velocity turbu-
lent wave that deposits large quantities of solder on all
wettable surfaces it contacts. This turbulent wave is aimed at
solving one of the two problems inherent in wave soldering
surface mount components, a defect called voiding (i.e.
skipped areas). One disadvantage of the high velocity turbu-
lent wave is that it gives rise to a second defect known as
bridging, where the excess solder thrown at the board by the
turbulent wave spans between adjacent pads or circuit
elements thus creating unwanted interconnects and shorts.

The second, smooth wave accomplishes a clean up
operation, melting and removing any bridges created by the
turbulent wave. The smooth wave also subjects all previous
soldered and wetted surfaces to a sufficiently high tempera-
ture to ensure good solder bonding to the circuit and
component metallizations. In wave soldering, it is important
that the solder have low surface tension to improve its
surface wetting characteristics. Therefore, the molten solder
bath is maintained at temperatures above its liquid point.

On emergence from the solder wave, cooling to ambient
should be allowed to occur naturally. Natural cooling allows a
gradual relaxation of thermal mismatch stresses in the
solder joints. Forced air cooling should be avoided as it can
induce thermal breakage.

The recommended temperature profile for the wave solder-
ing process is as Table 7.

TABLE 7. RECOMMENDED TEMPERATURE PROFILE

WAVE SOLDER

TEMPERATURE (OC) TIME (SECONDS)

25-125 60

125-180 60

180-260 60

260-260 5

260-180 60

180-80 60

80-25 60

Cleaning Methods and Cleaning Fluids

The objective of the cleaning process is to remove any
contamination, from the board, which may affect the
chemical, physical or electrical performance of the circuit in
its working environment.

There are a wide variety of cleaning processes which can be
used, including aqueous based, solvent based or a mixture
of both, tailored to meet specific applications. After the sol-
dering of surface mount components there is less residue to
remove than in conventional through hole soldering. The
cleaning process selected must be capable of removing any
contaminants from beneath the surface mount assemblies.
Optimum cleaning is achieved by avoiding undue delays
between the cleaning and soldering operations; by a
minimum substrate to component clearance of O.15mmand
by avoiding the high temperatures at which oxidation occurs.

Harris recommends 1,1,1 trichloroethane solvent in an
ultrasonic bath, with a cleaning time of between two and five
minutes. Other solvents which may be better suited to a
particular application and can also be used may include
those outlined in Table 8.

TABLE 8. CLEANING FLUIDS

Water Acetone

IsopropylAlcohol Fluorocarbon113

Fluorocarbon113 Alcohol N-Butyl

1.1.1, Trichloroethane Trichloroethane

Toluene Methane

Comparison to Other Device
Technologies
There are many design considerations involved when
selecting the correct transient suppressor for an automotive
application. One obvious consideration is cost. Other factors
such as load dump energy capability, clamping voltage,
temperature dependance, and size must also be weighed.
Each of these factors will now be discussed.

Energy Capability

The large active electrode area available to the AUML
suppressor ensures that load dump energy handling capabil-
ity is one of it's best features. By virtue of its interdigitated
construction, the AUML suppressor is capable of dissipating
significant amounts of energy over a very small volume of
material. The interdigitated construction also ensures that
the very high temperatures resulting from a load dump
transient will be evenly dissipated through millions of P-N
junctions.

Silicon surge suppressors may also be used for the suppres-
sion of transients in an automotive environment. In the case
of a silicon suppressor, only one P-N junction is available to
handle the energy of the load transient. It should be noted
that many different materials, with varying thermal coeffi-
cients of expansion, are employed in the construction of a



silicon suppressor. This may result in extreme thermal
stresses being created in the body of the suppressor during
a load dump condition. In an attempt to overcome this
weakness, a number of silicon die are placed in series in a
sandwich construction, with a metal header to act as a heat
sink and solder pellets for bonding (Figure 14).

~ HEADER RI SOLDER
~ PELLET ISILICON

DIE

FIGURE 14. TYPICAL INTERNAL CONSTRUCTION OF A
SILICON SUPPRESSOR

This construction is designed to distribute the transient
energy through more than one P-N junction, and somewhat
helps to alleviate the steep temperature build up during the
transient. Even with this metal sandwich, the silicon suppres-
sor is not completely effective in handling transient pulses.
This is because of the thermal time constant involved in
transporting the energy (heat) from where it is generated
(the silicon die) to the metal heat sink.

Even though high energy load dump transients are much
less frequent than low energy ones, it takes only one such
transient to completely damage the transient suppressor and
hence the component or circuit being protected.

Comparing the typical peak current, energy and power
derating curves of the Harris multilayer to an equivalent
silicon suppressor at +1250C, the AUML has 100% of rated
value while the zener diode has only 35% (Figure 15).
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FIGURE 15. AUML AND SILICON SUPPRESSORS CURRENT
ENERGY AND POWER DERATING CURVE '

Clamping Voltage

In the majority of automotive applications, the maximum
clamping voltage requirement for the primary surge suppres-
sor is 40V at 40A (8/20IlS current waveform). Both the AUML
and silicon suppressors easily meet this requirement.

The V-I characteristic for a silicon diode is defined over a
small current range (1 decade). The AUML current range is
extended over a few more decades, which illustrates it's
large peak current and energy handling capability.

Temperature Effects

Both the AUML and the silicon diode have a temperature
dependance with respect to off state leakage current - leak-
age current increases as temperature increases. However,
beyond the breakdown point, the clamping voltage of the
AUML will remain constant between +25°C and +1250C
while the clamping voltage for the zener diode at +1250C i~
higher than that specified at +250C.

Size

Up to now, the only surface mounted surge suppressors
available are leaded gull-wing and j-bend silicon diodes or a
relatively large surface mount metal oxide varistor. In both of
these cases a large area of the PC board is needed for
mount down. As previously mentioned, electrically equiva-
lent AUML suppressors are as much as three to four times
as small than their silicon counterparts, resulting in signifi-
cant surface mount PC board area savings (Figure 16).
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The compact size of the AUML suppressor is obtained by the
paralleled stacking manufacturing process. This results in a
high density energy absorber where the device volume is not
taken up by lead frames, headers, external leads, and epoxy.
Additional board area savings are also realized with the
smaller solder mounting area required by the AUML.
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Maximum Continuous DC Working Voltage (VM(DC»):This
is the maximum continuous dc voltage which may be
applied, up to the maximum operating temperature
(+125°C), to the AUML suppressor. This v.oltage is used as
the reference test point for leakage current and is always
less than the breakdown voltage of the device.

Load Dump Energy Rating (Wid): A load dump occurs
when the alternator load is suddenly reduced. The worst
case load dump is caused by disconnecting a discharged
battery when the alternator is running at full load. The load
dump energy discharge occurs with the rated battery voltage
also applied and must not cause device failure. This pulse
can be applied to the AUML suppressor in either polarity.

Maximum Clamping Voltage (Vel: This is the peak voltage
appearing across the AUML suppressor when measured
with an 8/20~s pulse current (Figure 17).
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Leakage Current (Ill: This is the amount of current drawn
by the AUML suppressor in its non-operational mode, i.e.
when the voltage applied across the AUML does not exceed
the rated VM(DC)voltage of the device.

Nominal Voltage (VN(DC»):This is the voltage at which the
AUML enters its conduction state and begins to suppress
transients. In the automotive environment this voltage is
defined at the 10mA point and has a minimum and maxi-
mum voltage specified.

[1J Electromagnetic Susceptibility Measurement
Procedures for Vehicle Components - SAE J 1113,
August, 1987.

[2J Harris Semiconductor Application Note AN9002.

[3J Transient Voltage Suppression Devices, Harris
Semiconductor 08450.

[4] "Transient Suppression in the Automotive Environment",
Corbett, M. and McCambridge, P., Automotive
Electronic Design, October, 1991.

[5] Harris Semiconductor Application Note AN91 08.

[6] CANE SMT 2588, Syfer Technology Limited, UK.
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High Reliability Varistors

High Reliability Series Mechanical and
Environmental Testing for Aerospace,
Military and High Reliability Applications
The high reliability Harris varistor is the latest step in
increased product performance, and is available for
applications requiring quality and reliability assurance levels
consistent with military or other standards. (MIL-STD-19500,
MIL-S-750, Method 202). Additionally, Harris varistors are
inherently radiation hardened compared to silicon diode
suppressors as illustrated in Figure 1.

This series of high-reliability varistors involve five categories:

• DESC Qualified Parts List (QPL) MIL-R-83530
4 types presently available

• DESC Standard Military Drawings based on MIL-R-83530
63 types presently available:

ZA Series - Drawing #87063

- DB Series - Drawing #90065

• Harris high reliability series offers TX equivalents
29 types presently available

Custom types processed to customer-specific require-
ments - (SCD) or to standard military flow

• SP720 - High Reliability Electronic Protection Array

Credentials

Harris varistors and quality management systems are:

• DESC approved

• QPL listed

• CECC approved

• ISO approved

• UL approved

• CSA approved

VOLTAGE CLAMPING
RATING VOLTAGE

NOMINAL (V) CLAMPING AT PEAK
PART VARISTOR ENERGY VOLTAGE CAPACITANCE CURRENT NEAREST

NUMBER VOLTAGE TOLERANCE RATING AT 100A AT1MHz RATING ITM COMMERCIAL
M835301 (V) (%) (RMS) (DC) (J) (V) (pF) (V) (A) EQUIVALENT

1-2000B 200 ±10 130 175 50 325 3800 570 6000 V130lA20B

1-22000 220 +10, -5 150 200 55 360 3200 650 6000 V150lA20B

1-4300E 430 +5, -10 275 369 100 680 1800 1200 6000 V275lA40B

1-5100E 510 +5, -10 320 420 120 810 1500 1450 6000 V320LA40B

This series of varistors are screened and conditioned in accordance with Mll-R-83530 as outlined in Table 2. Manufacturing system con-
forms to Mll-I-45208; Mll-Q-9858.



AQL
(PERCENT NUMBER OF FAILURES

INSPECTION DEFECTIVE) MAJOR MINOR SAMPLE UNITS ALLOWED

Group A SUBGROUP 1

High Temperature Life (Stabilization Bake) 100%

Thermal Shock 100%

Power Bum-In 100% -

Clamping Voltage 100% -
Nominal Varistor Voltage 100%

SUBGROUP 2

Visual and Mechanical Examination 1.0%AQL 25%AQL Per Plan
7.6% LQ 13.0% LQ

Body Dimensions Per Plan

Diameter and Length of Leads Per Plan

Marking Per Plan

Workmanship Per Plan

SUBGROUP 3

Solderability Per Plan

Group B SUBGROUP 1

Dielectric Withstanding Voltage Per Plan

SUBGROUP 2

Resistance to Solvents Per Plan

SUBGROUP 3

Terminal Strength (Lead Fatigue) Per Plan

Moisture Resistance Per Plan

Peak Current Per Plan

Energy Per Plan -
GroupC EVERY 3 MONTHS

High Temperature Storage 10 0

Operating Life (Steady State) - 10 0

Pulse Life - 10 0

Shock - 10 0

Vibration 10 0

Constant Acceleration - 10 0

Energy 10 0



MAXIMUM RATINGS (+85OC) SPECIFICATIONS (+25OC)

CONTINUOUS TRANSIENT MAXIMUM
CLAMPING
VOLTAGE

ENERGY PEAK VARISTOR VOLTAGE VCATTEST
(101 CURRENT AT 1mAoc CURRENT TYPICAL

RMS DC 1000115) (8120115) TEST CURRENT (8120115) CAPACITANCE

87063 NEAREST VM(AC) VM(DC) WTM ITM MIN VN(DC) MAX Vc IC f = 1MHz
DASH COMM. (NOTE 1)

NO. NO. SIZE (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

001 V22ZA05 1 14 18 0.2 35 18.7 22 26 51 2 400

002 V22ZA1 2 14 18 0.9 150 18.7 22 26 47 5 1600

003 V22ZA2 3 14 18 2.0 350 18.7 22 26 43 5 4000

004 V22ZA3 4 14 18 4.0 750 18.7 22 26 43 10 9000

005 V24ZA50 5 14 18 6.5 1500 19.2 24 26 43 20 18000
(Nota 2)

006 V27ZA05 1 17 22 0.25 35 23 27 31.1 59 2 300

007 V27ZA1 2 17 22 1.0 150 23 27 31.1 57 5 1300

008 V27ZA2 3 17 22 2.5 350 23 27 31.1 53 5 3000

009 V27ZA4 4 17 22 5.0 750 23 27 31.1 53 10 7000

010 V27ZA60 5 17 22 8.0 1500 23 27 31.1 50 20 15000
(Nota 2)

011 V33ZA05 1 20 26 0.3 35 29.5 33 38 67 2 250

012 V33ZA1 2 20 26 1.2 150 29.5 33 36.5 68 5 1100

013 V33ZA2 3 20 26 3.0 350 29.5 33 36.5 64 5 2700

014 V33ZA5 4 20 26 6.0 750 29.5 33 36.5 64 10 6000

015 V33ZA70 5 21 27 9.0 1500 29.5 33 36.5 58 20 13000
(Nota 2)

016 V36ZA80 5 23 31 10.0 1500 32 36 40 63 20 12000
(Nota 2)

017 V39ZA05 1 25 31 0.35 35 35 39 46 79 2 220

018 V39ZA1 2 25 31 1.5 150 35 39 43 79 5 900

019 V39ZA3 3 25 31 3.5 350 35 39 43 76 5 2200

020 V39ZA6 4 25 31 7.2 750 35 39 43 76 10 5000

021 V47ZA05 1 30 38 0.4 35 42 47 55 90 2 200

022 V47ZA1 2 30 38 1.8 150 42 47 52 92 5 800

023 V47ZA3 3 30 38 4.5 350 42 47 52 89 5 2000

024 V47ZA7 4 30 38 8.8 750 42 47 52 89 10 4500

025 V56ZA05 1 35 45 0.5 35 50 56 66 108 2 180



CONTINUOUS TRANSIENT MAXIMUM
CLAMPING
VOLTAGE

, ENERGY PEAK VARISTOR VOLTAGE Vc AT TEST
(101 CURRENT AT 1mAoC CURRENT TYPICAL

RMS DC 1000l1s) (81201!s) TEST CURRENT (8I2Ol1s) CAPACITANCE
87063 NEAREST VM(AC) VM(DC) WTM ITM MIN VN(DC) MAX Vc IC f = 1MHz
DASH COMM. (NOTE 11

NO. NO. SIZE (V) (V) (J) (A) (V) (V) (V) (V) (A) (pF)

026 V56ZA2 2 35 45 2.3 150 50 56 62 107 5 700

027 V56ZA3 3 35 45 5.5 350 50 56 62 103 5 1800

028 V56ZA8 4 35 45 10.0 750 50 56 62 103 10 3900

029 V68ZA05 1 40 56 0.6 35 61 68 80 127 2 150

030 V68ZA2 2 40 56 3.0 150 61 68 75 127 5 600

031 V68ZA3 3 40 56 6.5 350 61 68 75 123 5 1500

032 V68ZA10 4 40 56 13.0 750 61 68 75 123 10 3300
033 V82ZA05 1 50 66 1.2 70 73 82 97 145 2 120

034 V82ZA2 2 50 66 3.5 300 73 82 91 135 10 500

035 V82ZA4 3 50 66 7.3 750 73 82 91 135 25 1100
036 V82ZA12 4 50 66 13.0 1500 73 82 91 145 50 2500
037 Vl00ZA05 1 60 81 1.5 70 90 100 117 175 2 90

038 Vl00ZA3 2 60 81 4.3 300 90 100 110 165 10 400
039 Vl00ZA4 3 60 81 8.9 750 90 100 110 165 25 900
040 Vl00ZA15 4 60 81 16.0 1500 90 100 110 175 50 2000
041 V120ZA05 1 75 102 1.8 100 108 120 138 205 2 70
042 V120ZAl 2 75 102 5.3 400 108 120 132 205 10 300
043 V120ZA4 3 75 102 11.0 1000 108 120 132 200 25 750
044 V120ZA6 4 75 102 19.0 2000 108 120 132 210 50 1700
045 V150ZA05 1 92 127 2.3 100 135 150 173 240 2 60
046 V150ZAl 2 95 127 6.5 400 135 150 165 250 10 250
047 V150ZA4 3 95 127 13.0 1000 135 150 165 250 25 600
048 V150ZA8 4 95 127 23.0 2000 135 150 165 255 50 1400
049 V180ZA05 1 110 153 2.7 150 162 180 207 290 2 50
050 V180ZAl 2 115 153 7.7 500 162 180 198 295 10 200
051 V180ZA5 3 115 153 16.0 1500 162 180 198 300 25 500
052 V180ZA10 4 115 153 27.0 3000 162 180 198 300 50 1100

NOTES:
1. Size 1-5mm, 2-7mm, 3-10mm, 4-14mm, 5-20mm
2. 10mA DC testcurrent.



MAX CLAMPING
VOLTAGE NOMINAL VOLTAGE AT

90065 RATING ENERGY PEAK VARISTOR TEST CURRENT TYPICAL
DASH MAX. MAX CURRENT VOLTAGE CAPACITANCE

NO. (RMS) (J) (A) (V) (V) (I) (pF)

012 130 170 22500 200 +28. -16 345 200 10000

013 150 200 22500 240 ±28 405 200 8000

014 250 270 22500 390 +39. -36 650 200 5000

015 275 300 22500 430 ±43 730 200 4500

016 320 350 22500 510 +29, -48 830 200 3800

017 420 460 28800 680 +68. -70 1130 200 3000

018 480 510 28800 750 +74. -80 1240 200 2700

019 510 550 28800 820 +91. -85 1350 200 2500

020 575 600 28800 910 +95. -105 1480 200 2200

021 660 690 28800 1050 ±110 1720 200 2000

022 750 810 28800 1200 ±120 2000 200 1800

Harris High Reliability Series TX Equivalents
TABLE 5. AVAILABLE TX MODEL TYPES

NEAREST
MODEL DEVICE COMMERCIAL

TX MODEL SIZE MARK EQUIVALENT

V8ZTX1 7mm 8TX1 V8ZA1

V8ZTX2 10mm 8TX2 V8ZA2

V12ZTX1 7mm 12TX1 V12ZA1

V12ZTX2 10mm 12TX2 V12ZA2

V22ZTX1 7mm 22TX1 V22ZA1

V22ZTX3 14mm 22TX3 V22ZA3

V24ZTX50 20mm 24TX50 V24ZA50

V33ZTX1 7mm 33TX1 V33ZA1

V33ZTX5 14mm 33TX5 V33ZA5

V33ZTX70 20mm 33TX70 V33ZA70

V68ZTX2 7mm 68TX2 V68ZA2

V68ZTX10 14mm 68TX10 V68ZA10

V82ZTX2 7mm 82TX2 V82ZA2

V82ZTX12 14mm 82TX12 V82ZA12

NEAREST
MODEL DEVICE COMMERCIAL

TX MODEL SIZE MARK EQUIVALENT

V130LTX2 7mm 130TX V130LA2

V130LTX10A 14mm 130TX10 V130LA10A

V130LTX20B 20mm 130TX20 V130LA20A

V150LTX2 7mm 150TX V150LA2

V150LTX10A 14mm 150TX10 V150LA10A

V150LTX20B 20mm 150TX20 V150LA20B

V250LTX4 7mm 250TX V250LA4

V250LTX20A 14mm 250TX20 V250LA20A

V250LTX40B 20mm 250TX40 V250LA40B

V420LTX20A 14mm 420TX20 V420LA20A

V420LTX40B 20mm 420TX40 V420LA40B

V480LTX40A 14mm 480TX40 V480LA40A

V480LTX80B 20mm 480TX80 V480LA80B

V510LTX40A 14mm 510TX40 V510LA40A

V510LTX80B 20mm 510TX80 V510LA80B

~
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The TX series of varistors are 100% screened and conditioned in accordance with MIL-STD-750. Tests are as outlined in
Table 6.

QA ACCEPTANCE
INSPECTION LOTS REVIEW OF DATA

SAMPLE PER- LOTS PROPOSED - - -FORMED AFTER 100% SCREENING TX PREPARATION
FORTXTYPES APPLICABLE DEVICE

ASSEMBLY FORDEUVERY
SPECIFICATION

MIL·STD-750 TX
SCREEN METHOD CONDITION REQUIREMENTS

High Temperature life 1032 24 hours min. at max. rated storage temperature. 100%
(stabilization bake)

Thermal Shock 1051 No dwell is required at 25°C. Test condition A 1, 5 cycles 100%
(temperature cycling) -55°C to +1250C (extremes). >10 minutes

Humidity life 85°C, 85% R.H., 168 hours. 100%

Interim Electrical VN(DC) Vc As specified, but including delta parameter as a mini- 100% Screen
(Note 1) mum.

Power Bum-In 1038 Condition B, 85°C, Rated VM(AC), 72 hours min 100%

Final Electrical +VN(DC) Vc As specified - All parameter measurements must be 100% Screen
(Note 1) completed within 96 hours after removal from bum-in

conditions.

External Visual Examination 2071 To be performed after complete marking. 100%

NOTE:

1. Delta Parameter - VN(DC)
Maximum allowable shift ±10% Max.
Applicable lot PDA - 10% Max.
Peak current and energy ratings are derated by 10% and 30%, respectively, from standard parts.

MIL-5TD-105

LEVEL AQL LTPD

Electrical (Bidirectional) II 0.1 -
VN(DC)' Vc (Per specifications table)

Dielectric Withstand Voltage - 15
MIL-STD-202, Method 301, 2500V min. at 1.01JAoc

Solderability - 15
MIL-STD-202, Method 208, no aging, non-activated



Custom Types
In addition to our comprehensive high-reliability series as Additional mechanical and environmental capabilities are
referenced above, Harris can screen and condition to defined in Table 8.
customer-specific requirements.

TABLE 8. MECHANICAL AND ENVIRONMENTAL CAPABILITIES (TYPICAL CONDITIONS)

TEST NAME TEST METHOD DESCRIPTION

Terminal Strength Mll-STD-750-2036 3 Bends, 90° Are, 15oz. Weight

Drop Shock Mll-STD-750-2016 1500g's, 0.5ms, 5 Pulses, X1' V1, Z1

Variable Frequency Vibration Mll-STD-750-2056 20g's, 100-2000Hz, X1' V1, Z1

Constant Acceleration Mll·STD-750-2006 V2, 20.000g's Min

Salt Atmosphere Mll-STD-750-1041 35°C, 24 hrs, 10-50glm2 Day

Soldering Heat/Solderability Mll-STD-750-2031/2026 260°C, lOs, 3 Cycles, Test Marking

Resistance to Solvents Mll-STD-202-215 Permanence, 3 Solvents

Flammability Mll-STD-202-111 15s Torching, 10s to Flameout

Flammability Ul1414 3 x 15s Torching

Cyclical Moisture Resistance Mll-STD-202-106 10 Days

Steady-State Moisture Resistance 85/85 96 Hrs.

Biased Moisture Resistance Not Recommended for High-Voltage Types

Temperature Cycle Mll-STD-202·107 -55°C to +125°C, 5 Cycles

High·Temperature life (Nonoperating) Mll-STD-750-1032 125°C, 24 Hrs.

Bum-In Mll-STD-750-1038 Rated Temperature and VRMS

Hermetic Seal Mll-STD-750-1071
.

Condition D

Radiation Hardness

HARRlslovFor space applications, an extremely important property of a
protection device is its response to imposed radiation 200 I -- SILICON
effects. / ...-- , TRANSIENT,

V # SUPPRESSION
Electron Irradiation # DIODEroo I -
A Harris MOV and a silicon transient suppression diode 80 #

were exposed to electron irradiation. The V-I Curves, before 60 I
and after test, are shown in Figure 1. I

-PRETEST
It is apparent that the Harris MOV was virtually unaffected,

40 •••• 10" RADS, -
even at the extremely high dose of 108 rads, while the silicon

I
18Me, ELECTR,NS

transient suppression diode showed a dramatic increase in
20leakage current. 10· 106 10· 10'

CURRENT(A)

FIGURE 1. RADIATION SENSITIVITY OF HARRIS V130LA1
AND SILICON TRANSIENT SUPPRESSION DIODE



A second MOV-Zener comparison was made in response to
neutron fluence. The selected devices were equal in area.

Figure 2 shows the clamping voltage response of the
MOV and the zener to neutron irradiation to as high as
1015 N/cm2. It is apparent that in contrast to the large
change in the zener, the MOV is unaltered. At higher cur-
rents where the MOV's clamping voltage is again
unchanged, the zener device clamping voltage increases by
as much as 36%.

FIGURE 2. V-I CHARACTERISTIC RESPONSE TO NEUTRON
IRRADIATION FOR MOV AND ZENER DIODE
DEVICES

Counterclockwise rotation of the V-I characteristics is
observed in silicon devices at high neutron irradiation levels;
in other words, increasing leakage at low current levels and
increasing clamping voltage at higher current levels.

The solid and open circles for a given fluence represent the
high and low breakdown currents for the sample of devices
tested. Note that there is a marked decrease in current (or
energy) handling capability with increased neutron fluence.

Failure threshold of silicon semiconductor junctions is further
reduced when high or rapidly increasing currents are
applied. Junctions develop hot spots, which enlarge until a
short occurs if current is not limited or quickly removed.

The characteristic voltage current relationship of a PN-Junc-
tion is shown in Figure 3.

I

SATURATION
CURRENT I

FORWARD
BIAS

BREAKDOWN
VOLTAGE - - ~

I

REDUCTION IN
FAILURE STRESSHOLD
BY RADIAL

At low reverse voltage, the device will conduct very little
current (the saturation current). At higher reverse voltage
Vao (breakdown voltage), the current increases rapidly as
the electrons are either pulled by the electric field (Zener
effect) or knocked out by other electrons (avalanching). A
further increase in voltage causes the device to exhibit a
negative resistance characteristic leading to secondary
breakdown.

This manifests itself through the formation of hotspots, and
irreversible damage occurs. This failure threshold decreases
under neutron irradiation for zeners, but not for Zinc Oxide
Varistors.

Radiation damage studies were performed on type V130LA2
varistors. Emission spectra and V-I characteristics were
collected before and after irradiation with 106 rads C060

gamma radiation.

Both show no change, within experimental error, after
irradiation.



SP720MD-B, SP720MD,
SP720MM-B, SP720MM

High Reliability Electronic Protection Array
for ESO and Overvoltage Protection

I-IARRIS
SEMICONDUCTOR

• The SP720MD-8 and SP720MM·8 are Harris Class B
"Equivalent" Parts with Back-End Conformance to
MIL-STD-883 for Final Assembly. Electrical Testing,
Burn-In and QC Inspection

• ±2A Peak Current Capability

• Single-Ended Voltage Range •••••••••••••.• to +35V

• Differential Voltage Range •••••..••...... to ±17.5V

• Designed to Provide Over-Voltage Protection

• Fast Switching •.•..••••••••••.•••... 6ns Risetime

• Low Input Leakages of 1nA at 25°C Typical

• Low Input Capacitance of 3pF Typical

• An Array of 14 SCRlDiode Pairs

• Proven Interface for ESD

• Military Temperature Range .••.•.•• -55°C to +125°C

• Microprocessor/Logic Input Protection

• Data Bus Protection

• Analog Device Input Protection

• Voltage Clamp

Description
The SP720 is a High Reliability Array of SCR/Diode bipolar
structures for ESD and over-voltage protection to sensitive
input circuits. The SP720 has 2 protection SCRlDiode
device structures at each IN input. A total of 14 available IN
inputs can be used to protect up to 14 external signal or bus
lines. Over voltage protection is from the IN to V+ or V" The
SCR structures are designed for fast triggering at a thresh·
old of one +VSEdiode threshold above V+ or at a -VSEdiode
threshold below V-. From an IN input, a clamp to V+ is acti-
vated if a transient pulse causes the input to be increased to
a voltage level greater than one VBE above V+. A similar
clamp to V- is activated if a negative pulse, one VSE less
than V-, is applied to an IN input.

The SP720MD-8 and SP720MM-8 Class B "Equivalent"
Parts conform to MIL-STD-883 through final assembly, elec-
trical test, burn-in and QC Inspection. The SP720MD and
SP720MM are High Reliability Ceramic Packaged ICs.

Refer to Application Note AN9304 for further information.

PART TEMPERATURE
NUMBER RANGE PACKAGE

SP720MD-B -55°Cto +12SoC 16 LeadCeramicSBDIP

SP720MD -55°Cto +125°C 16 LeadCeramicSBDIP

SP720MM·B -55°Cto +12SoC 20 PadCeramicLCC

SP720MM -55°Cto +125°C 20 PadCeramicLCC

Pinouts
SP720MD(SBDIP)

TOP VIEW

i!: i!: 0 0 +z z >
I 3 I I 2 I I 1 I 120. 119'
L_J L_J L_J L_J L_J-.,

IN 4 I_..I-.,
IN 5 I IN_..I-., r-
IN 6 I 116 IN_..I

L_~-.,
f15 ININ 7 I_..I ~--., r-v- 81 114 IN_..I ~-r-, r-, r-, r-, r-.,

191.101111111211131

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1995
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Absolute Maximum Ratings Thermal Information
Continuous Supply Voltage, [(V+) - (V-)] ....... ...... .... +35V Thermal Resistance 6JA 6JC
Input Peak Current, IIN (Non-Repetitive, <1ms) .. .... ... . .. ±2A Sidebraze DIP Package .... .. ....... 82°CIW 14°CIW
Max. DC Input Current, IIN ... .... .... ...... ..... ±70mA Ceramic LCC ... ...... ..... . . . . . . . . 700CIW 190CIW
For ESD Transient Capability - See Note 2, Figure 1, Table 1 Package Power Dissipation
Storage Temperature Range ....... ....... -65OCto+150oC Sidebraze DIP Package, up to +930C .... ...••...••.... 1.0W
Junction Temperature ...... . . . . . . . . .... ... .. +1750C Ceramic LCC, up to +105°C ... . ...... .....•......... 1.0W
Lead Temperature (Soldering 1Os)...•.... .......... .. +265OC Package Power Dissipation Derating Factor

Side braze DIP Package, above +93OC . .......... 12.2mWf'C
Ceramic LCC, above +1050C ................... 14.3mWf'C

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections o( this specification is not implied.

Operating Conditions
Operating Voltage Range, Single Supply. ......... +4.5V to +30V Typical Quiescent Supply Current ...•.................. 50nA
Operating Voltage Range, Split Supply . .. ±2.25V to ±15V Operating Temperature Range ................ ·55°C to +125°C

Electrical Specifications TA = -55°C to +125°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Operating Voltage Range VSUPPLY VSUPPLY= [(V+) - (V-)] 0 4.5 to 30 35 V

Peak Forward/Reverse Voltage Drop
IN to V· (with V· Reference) VIN-(V·) IIN= -1A (1ms Peak Pulse) -2 V

IN to V+ (with V+ Reference) V1N- (V+) IIN= +1A (1ms Peak Pulse) +2 V

DC Forward/Reverse Voltage Drop
IN to V- (with V- Reference) VIN·(V·) IIN= -100mA to V· -1.5 V

IN to V+ (with V+ Reference) V1N- (V+) IIN= +100mA to V+ - - +1.5 V

Input Leakage Current IIN V- < V1N< V+, VSUPPLY= 30V -15 5 +15 nA

Quiescent Supply Current IQUiESCENT V- < V1N< V+, VSUPPLY= 30V 50 150 nA

Equivalent SCR ON Threshold Note 3 1.1 V

Equivalent SCR ON Resistance VFWoIlFWO(Note 3) 1 0

Input Capacitance CIN 3 pF

Input Switching Speed ioN 6 nS

NOTE:

1. In automotive and battery operated systems, the power supply lines should be extemally protected for load dump and reverse battery.
When the V+ and V- pins are connected to the same supply voltage source as the device or control line under protection, a current limiting
resistor should be connected in series between the external supply and the SP720 supply pins to limit reverse battery current to within
the rated maximum limits. Bypass capacitors of typically 0.011'F or larger from the V+ and V- pins to ground are recommended.

2. For ESD testing of the SP720 to MIL-STD-883, Method 3015.7, Human Body Model (HBM), the results are typically better than 6kV
(Condition 1). Transient and ESD capability is highly dependent on the application. For conditions that are defined as an in-circuit method
of ESD testing where the V+ and V- pins have a return path to ground, the ESD capability is typically greater than 15kV from 100pF
through 1.5kO (Condition 2). For ESD testing of the SP720 to EIAJ IC121 Machine Model (MM) standard, the results are typically better
than 1kV (Condition 4). These values were measured by AT&T ESD Lab using the component testing procedures of both standards.
Addition".! ESD testing for 200pF through 1.5kO with 6ns risetime was done with results better than 9kV (Condition 3).

3. Refer to the Figure 3 graph for definitions of equivalent "SCR ON Threshold" and "SCR ON Resistance". These characteristics are given
here for thumb-rule information to determine peak current and dissipation under EOS conditions.

TABLE 1. ESD TEST CONDITIONS
R,-10MO R, Ro

TEST ±Vo Ro Co
I !

Condition 1 6kV 1.5kO 100pF (HBM)
H.V. Co IN

SUPPLY OUT Condition 2 15kV 1.5kO 100pF (Mod. HBM)
±vo --- Condition 3 9kV 1.5kO 200pF (Mod. HBM)

Condition 4 1KkV OkO 200pF (MM)
FIGURE 1. ELECTROSTATIC DISCHARGE TEST

MIL-STD-883D, METHOD 3015.7



SP720MD-B, SP720MD, SP720MM-B, SP720MM

100 2.5

T" = 25°C T" = 25°C

SINGLE PULSE SINGLE PULSE

80 2
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FORWARD SCR VOLTAGE DROP (mY)

INPUT
DRIVERS

OR
SIGNAL

SOURCES

I
I
I

SP720 INPUT )/
PROTECTION I

CIRCUIT I
(1 OF 14 ON CHIP) I

1 2

FORWARD SCR VOLTAGE DROP (V)

FIGURE 3. HIGH CURRENT SCR FORWARD VOLTAGE DROP
CURVE

LINEAR OR
DIGITAL IC
INTERFACE

FIGURE 4. TYPICAL APPLICATION OF THE SP720 AS AN INPUT CLAMP FOR OVER-VOLTAGE, GREATER THAN 1V BE ABOVE V+
OR LESS THAN -WBE BELOW V-. PINOUT SHOWN IS FOR THE SP720MD PDIP PACKAGE.
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100

AMBIENT TEMPERATURE (DC)

FIGURE 5. SP720MD DERATING CURVE FOR THE 82DCIW THERMAL RESISTANCE OF THE SIDEBRAZE 16 LEAD CERAMIC
PACKAGE, DERATED 12.2mWI"C FROM A MAXIMUM Po OF 1.0W AT 93DC

100

AMBIENT TEMPERATURE (DC)

FIGURE 6. SP720MM DERATING CURVE FOR THE 70DCIW THERMAL RESISTANCE OF THE 20 PAD CERAMIC LCC PACKAGE,
DERATED 14.3mWI"C FROM A MAXIMUM Po OF 1.0W AT 105DC



NOTES:

1. All resistors 1kQ ±10%

2. VCC=30V±1%

3. FS = OV to 30V ±1%, 50% Duty Cycle

4. C1 = 221'F Min. Tantalum, 50WV (33WV at 125°C)

5. TAMB = 125°C

I 3 I I 2 I I 1 1 120' 119'L_J L_J L_J L_J L_J-.,
4 I_..I-.,
51_..I-.,
61_..I-.,
71_..I-.,
81_..I

30JUUlFs

OV

~
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Metallization Topology
DIE DIMENSIONS:

51x84x14±1mils

METALLIZATION:
Type: AI
Thickness: 17.SkA ± 2.SkA

GLASSIVATION:
Type: Si02
Thickness: 13kA ± 2.6kA

SUBSTRATE POTENTIAL (POWERED UP):
v-

WORST CASE CURRENT DENSITY;
9.18 x 104A/cm2 at 70mA

PROCESS;
Bipolar



LEAD FINISH

1

Ceramic Dual-In-Line Metal Seal Packages (SBDlP)
016.3 Mll-STD-1835 CDIP2-T16 (0-2, CONFIGURATION C)
16 lEAD CERAMIC DUAl-IN-LiNE METAL SEAL PACKAGE

NOTES:

1. Index area: A notch or a pin one identification mark shall be locat-
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer's identification shall not be used
as a pin one identification mark.

2. The maximum limits of lead dimensions band c or M shall be
measured at the centroid of the finished lead surfaces, when
solder dip or tin plate lead finish is applied.

3. Dimensions b1 and c1 apply to lead base metal only. Dimension
M applies to lead plating and finish thickness.

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a
partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

5. Dimension Q shall be measured from the sealing plane to the
base plane.

6. Measure dimension S1 at all four corners.

7. Measure dimension S2 from the top of the ceramic body to the
nearest metallization or lead.

8. N is the maximum number of terminal positions.

9. Braze fillets shall be concave.

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982.

11. Controlling dimension: INCH.

INCHES MilLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.200 5.08

b 0.014 0.026 0.36 0.66 2

b1 0.014 0.023 0.36 0.58 3

b2 0.045 0.065 1.14 1.65

b3 0.023 0.045 0.58 1.14 4

c 0.008 0.018 0.20 0.46 2

c1 0.008 0.015 0.20 0.38 3

D 0.840 - 21.34

E 0.220 0.310 5.59 7.87

e 0.100 BSC 2.54 BSC

eA 0.300 BSC 7.62 BSC

eA/2 0.150 BSC 3.81 BSC

L 0.125 0.200 3.18 5.08

Q 0.015 0.060 0.38 1.52 5

S1 0.005 0.13 6

52 0.005 0.13 7

a 90° 105° 90° 105°

aaa 0.015 0.38

bbb - 0.030 0.76

ccc 0.010 0.25

M 0.0015 0.038 2

N 16 16 8
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T

A MCrmm:ml~~"m 1PLANE 1

J20.A Mll-STD-1835 CaCC1-N20 (C-2)
20 PAD CERAMIC lEADlESS CHIP CARRIER PACKAGE

INCHES MilLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.060 0.100 1.52 2.54 6, 7

Al 0.050 0.066 1.27 2.23

S

Sl 0.022 0.026 0.56 0.71 2,4

S2 0.072 REF 1.63 REF

S3 0.006 0.022 0.15 I 0.56

D 0.342 I 0.356 6.69 I 9.09

D1 0.200 sse 5.06 sse
D2 0.100 sse 2.54 sse
D3 I 0.356 I 9.09 2

E 0.342 I 0.356 6.69 I 9.09

El 0.200 sse 5.06 sse
E2 0.100 sse 2.54 sse
E3 - I 0.356 - I 9.09 2

e 0.050 sse 1.27 SSC

el 0.015 I 0.36 I 2

h 0.040 REF 1.02 REF 5

j 0.020 REF 0.51 REF 5

l 0.045 0.055 1.14 1.40

Ll 0.045 0.055 1.14 1.40

L2 0.075 0.095 1.91 2.41

L3 0.003 0.015 0.06 0.36

ND 5 5 3

NE 5 5 3

N 20 20 3

NOTES:

1. Metallized castellations shall be connected to plane 1 terminals
and extend toward plane 2 across at least two layers of ceramic
or completely across all of the ceramic layers to make electrical
connection with the optional plane 2 terminals.

2. Unless otherwise specified, a minimum clearance of 0.015 inch
(0.36mm) shall be maintained between all metallized features
(e.g., lid, castellations, terminals, thermal pads, etc.)

3. Symbol "N" is the maximum number of terminals. Symbols "N D"
and "NE" are the number of terminals along the sides of length
"D" and "E", respectively.

4. The required plane 1 terminals and optional plane 2 terminals (if
used) shall be electrically connected.

5. The corner shape (square, notch, radius, etc.) may vary at the
manufacturer's option, from that shown on the drawing.

6. Chip carriers shall be constructed of a minimum of two ceramic
layers.

7. Dimension "A" controls the overall package thickness. The maxi-
mum "A" dimension is package height before being solder dipped.

6. Dimensioning and tolerancing per ANSI Y14.5M-1962.

9. Controlling dimension: INCH.
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What is AnswerFAX?

AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full
library of the latest data sheets, application notes, and other information on Harris products.

What do I need to use AnswerFAX?
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week.

How does it work?
You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to.
You'll have the information you need in minutes. The chart on the next page shows you how.

How do I find out the order number for the publications I want?
The first time you call AnswerFAX, you should order one or more on-line catalogs of product line
information. There are nine catalogs:

• New Products

• LinearfTelecom Products

• Data Acquisition Products

• Digital Signal Processing (DSP) Products

• Discrete & Intelligent Power Products

• Microprocessor Products

• Rad Hard Products

• CMOS Logic Products

• Application Notes

How do I start?
Dial 407-724-7800. That's it.

ANSWER

FAX
x
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Your Map to Harris AnswerFAX

A complete AnswerFAX catalog listing is available,
please call 1-800-442-7747 and request document SR-OS7 (84 pages)ANSWER

FAX
ORDER

WELCOME TO
AnswerFAXI

GET HELP

[2J + [2J ENTERS "Q"

[2J + ~ ENTERS "Z"

[2J + EEl ENTERS "&"

£!] £!] BLANK SPACE

f;1 BACK-UP ONEL.:.J CHARACTER

G HELP

ENTER A MORE
DOCUMENT
NUMBER

DONE£!]
(UP TO THREE)

OR P~~~~ ABC
NUMBER 2

ENTER
YOUR CORRECT
FAX NUMBER
AND CONFIRM

NEW PRODUCTS

LINEAR AND TELECOM
MORE£!]

ENTER YOUR NAME
PRODUCTS

DATA ACQUISITION

DONE£!]£!]

m GET HELP

PRODUCTS ENTER

SEE QUICK
YOUR

DIGITAL SIGNAL REFERENCE GUIDE
VOICE

PROCESSING FOR SPECIAL
PHONE

NUMBER
DISCRETE AND CHARACTERS

INTELLIGENT (ORDER AT LEFT
POWER PRODUCTS UP TO OF PAGE

THREE
MICROPROCESSOR CATALOGS)

£!] DONE
# DONE

PRODUCTS

RADIATION HAFill>ENED CONFIRM
PRODl:.lCTS

CMOS LOGIC DONE
PRODUCTS

APPLICATION ORDER CORRECT
NOTES SOMETHING

ELSE
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HARRIS
SEMICONDUCTOR

Harris AnswerFAX Data Book Request Form - Document #199
Data Books Available Now

PUB .../ NUMBER DATA BOOK/DESCRIPTION

7004 Complete Set of Commercial Harris Data Books

7005 Complete Set of Commercial and Military Harris Data Books

DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-
level power MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened
power MOSFETs.

DB316 POWER MOSFET DATABOOK SUPPLEMENT (1996: 380pp) This databook contains the datasheets of recently introduced
products and also updates some of the datasheets in the POWER MOSFET DATABOOK DB223B. These datasheets
contain the detailed specification for these products.

DB235B RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (01), Silicon-on-Sapphire
(SOS), and Silicon-on-Insulator (SOl). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog
switches, gate arrays, standard cells and custom devices.

DB260.2 CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books
under the Harris, GE, RCA or Intersil names.

DB301B DATA ACQUISITION (1994: 1,104pp) Product specifications on AID converters (display, integrating, successive
approximation, flash); D/A converters, switches, mUltiplexers, and other products.

DB302B DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters,
signal synthesizers, mUltipliers, special function devices (such as address sequencers, binary correlators, histogrammer).

OB303 MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on
CMOS microprocessors, peripherals, data communications, and memory ICs.

DB304.1 INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications,
application notes with design details for specific applications of Harris products, and a description of the Harris quality and
high reliability program.

OB309.1 MCTIIGBTlDIODES (1995: 706pp) This MCT/lGBT/Oiodes Databook represents the full line of these products made by
Harris Semiconductor Discrete Power Products for commercial applications.

OB314 SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for
commercial applications.

DB315 CROSS-REFERENCE GUIDE (1996: 554pp) This guide contains the listing of semiconductor products that are second-
sourced by Harris Semiconductor.

DB450.4 TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors.
Also, general informational chapters such as: "Voltage Transients - An Overview," "Transient Suppression - Devices and
Principles," "Suppression - Automotive Transients."

DB500B LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, S/H amps, differential
amps, arrays, special analog circuits, telecom ICs, and power processing circuits.

Analog ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and
Military Telecommunications circuits.

DB312 ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris
Semiconductor Linear and Data Acquisition products for Military (MIL-STO-883, DESC SMD and JAN) applications and
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B)

PSG201.23 PRODUCT SELECTION GUIDE (1996: 834pp) Key product information on all Harris Semiconductor devices. Sectioned
(Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and
Hi-ReI/Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index.

SG103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It
covers Harris' High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS
Logic CD4000B Series.

BR-057.1 AnswerFAX CATALOG (Fall 1995: 84pp) A Complete AnswerFAX Catalog listing.

NAME: _

MAILSTOP: _

COMPANY: _

ADDRESS: _

PHONE: _

FAX: _

x
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AnswerFAX
DOCUMENT APPLICATION

NUMBER NOTE TITLE

98820 AN8820 Recommendations for Soldering Terminal Leads to MoV Varistor Discs (2 pages)

99108 AN9108 Harris Multilayer Surface Mount Surge Suppressors (ML Series) (10 pages)

99211 AN9211 Soldering Recommendations for Surface Mount Metal Oxide Varistors and Multilayer Tran-
sient Voltage Suppressors (ML Series) (8 pages)

99304 AN9304 ESD and Transient Protection Using the SP720 (10 pages)

99306 AN9306 The New "CO III Series of Metal Oxide Varistors (5 pages)

99307 AN9307 The Connector PIN Varistor for Transient Voltage Protection in Connectors (7 pages)

99308 AN9308 Voltage Transients and their Suppression (5 pages)

99310 AN9310 Surge Suppression Technologies Advantages and Disadvantages (MoVs, SADs, Gas Tubes,
Filters & Transformers) (6 pages)

99311 AN9311 The ABCs of Movs (3 pages)

99312 AN9312 Suppression of Transients in an Automotive Environment (11 pages)

AnswerFAX Gives You the Information
You Need. On Your Own Fax .

mHARRIs
\&I SEMICONDUCTOR

• Application Notes

• Technical Briefs

AnswerFAX provides a full library of information on
Harris products at your fingertips 24 hours a day.

407 -724-7800



ABCs of MOVs ...........................•..... 12-55

AC Bias Reliability. . . . . . . . . . . . . . . . . . . • . . . . • . . . . .. 5-11

AC Power Lines, Transients ....•................... 1-13

Accelerated Humidity Life..........•............... 5-17

Accelerated Storage Life 5-17

Accelerated Testing 5-13

Acceleration Factor .....•.......•........•....... 5-10

AC-DC Difference ...............•........•........ 7-4

Across the Line Components 7-9

Activation . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . .. 5-11

Activation Energy. . . . . . . . . . . . . . . • . . . • . . . . • . . . . . .. 5-11

Aging . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . . . . • . . . . . . . . 2-9

Alpha ....................•.................. 2-5, 3-9

Alternator Field Decay 11-5

ANSI. 1-18

ANSI Standard 1-18,1-21, 6-21, 7-12

AnswerFAX ................•.................... 14-1

Application, Examples ...........•...•........ 6-11,12-1

Applications, Automotive .....•...•...•....... 11-3,12-58

Applications, Crowbar ...........•...•............ 6-19

Applications, Motor Control . . . . . . . • . . . . . . . . • . . . . . . . 6-12

Applications, Motor Protection 6-18

Applications, Noise Suppression 6-15

Applications, Power Supply ........•............... 6-11

Applications, Relays ..........•...•........... 6-14, 6-15

Applications, Telecom 10-11

Arcing, Contact. . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . 6-15

Arcing, Switch ..........•............•....•...... 1-12

Array Protection . . . . . . . . • . . . . . . . . . . . . • . . . . • . . . . . . . 9-6

Arrhenius Models ........•.......•...•....•...... 5-12

Assurance Tests _.......•................ 7-8

Asymmetrical Polarity. . . . . . . .. . . . •. . . .. . . .. . . . . . . . . 7-5

Automobile Transients ...............•....•....... 1-14

Automotive Central Suppressor ....•...•....•... 11-3, 11-7

Automotive Electrical System 11-4

16
Automotive Ignition _...•....... _ 11-4

Automotive Test Waveforms .........•.............. 11-3

Automotive Transients .........•.............. 1-15, 11-5

Avalanche ...................•...•............... 2-5

Avalanche Diodes 12-52

Axial Lead Metal-Oxide Varistors 4-69

Branch Circuits ...........................•...... 1-22

Break-In Stabilization .....•...................•.... 7-4

Building Locations _ 1-22

Buried Cable ........................•.......•... 10-3

Cable Plant. ............•....................... 10-3

Cable Shield ........................•........... 10-3

Cable, Suspended .......•....................... 10-3

Cable Transients .........•...........•...•....... 10-4

Capacitance 3-9, 7-7

Capacitance, Stray .......•...........•...•....... 1-12

Capacitance, Varistor 2-9, 3-4

Capacitor Clamping .......................•...... 6-14

Carbon Blocks 10-7

Central Office ...............................•... 10-8

Ceramic Structure .....................•........... 3-3

Characteristic Measurement 7-4, 7-10

Characteristics, Electrical 3-6, 3-9

Circuit Models, Varistors ....................•.... 3-6, 3-9

Clamp Ratio .................•................... 6-6

Clamping ...........•....•.......•.......•....... 2-3

Clamping Voltage .....................•........... 6-6

Clamping Voltage Measurement. 7-5

Clearing Time 6-8

Comparison of Suppressors 2-6

Conductive Shield 10-3

Connector Pin Varistor ........................•... 2-11



Conservation, Energy 1-16

Construction, Varistor 3-5

Contact Arcing ..........•................... 6-14, 6-15

Contact Bounce 1-12, 1-15

Contact Welding ........•.........•.............. 1-15

Contacts. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. 1-15

Continuous Power Dissipation ...........•........... 7-9

Continuous Rating 7-8

Creepage Specifications .....•.........•...•...... 1-16

Crowbar, Power Supply ...........•....•...•...... 6-19

Crowbar Type Suppressors ...•....•........•....... 2-3

Current, Derating ................•................ 6-5

Current, Peak Rating ...•....•....•........•.... 6-5, 7-8

Date Codes . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . 12-56

DC Bias . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 5-13

DC Power Life ............•.........•...•...•... 5-13

DC Standby Current. .................•.......•.... 7-7

Degradation, Semiconductor 1-15

Delay Time, Gas Tube ................•......... 2-6, 2-8

Depletion . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 3-5

Derating Curves 6-6

DESC Qualified Parts 13-3

Detection of Transients ..........•............ 1-16, 7-10

Dielectric Breakdown 1-16

Disc Diameter. .................•................. 3-6

Disc Thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4

Dissipation Factor. ....•....•...................... 7-7

DOX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5

Dynamic Resistance .............•................ 3-10

Effects of Voltage Transients 1-15

Electrical Characteristics 3-6

Electromechanical Contacts ....................•... 1-12

Electromechanical Switching ...........•........... 1-15

Electronic Ignition. . . . . . . . . . . . . . . . . . . . • . . . • . . . . . .. 11-7

Encapsulation ...................•................ 3-6

Energy, 60Hz Surge Capability .. . .. . . . . . . . .• . . . . . .. 5-15

Energy Calculations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4

Energy Conservation ...•.........•............... 1-16

Energy, Inductive. . . . . . • . . . . . . . . . • . . . . • . . . . . . . . .. 1-11

Energy, Pulse 5-15

Energy Rating 6-4, 7-7, 7-8

Energy, Stored. See Stored Energy

Energy Waveshape Constants. . . . . . . . . . . . . . . . . . . . . . . 6-4

Energy Withstand .......•......•...........•..... 5-15

Engine Shutdown ..............•...........•..... 1-15

Engineering Evaluation ..........•...•.......•...... 7-3

Environment 1-19

Environmental Testing 5-17, 13-3

Epoxy ..............................•........... 3-6

Equipment, Test ...........•......•...•.......... 7-10

Equivalent Circuit ......•..................•....... 3-6

Failure Definition ..........................•...... 5-13

Failure Insulation 1-15

Failure Mode .................•...........•.... 2-9, 6-6

Failure Rate .................•.................. 5-11

Failure, Semiconductor .............•.......•...... 1-15

Fault Conditions 1-12

FCC Standards 7-12, 7-13

Field Maintenance 7-4

Filters ..................•..............•........ 2-4

Fire Retardant ................•..........•....... 5-15

Flame Test ..........•...•......•............ 5-17, 7-9

Flashover ...........•..........•............... 1-13

Follow Current .......•..........•............. 2-3, 2-4

Fuse Clearing 6-8

Fusing Example .................•................ 6-8

Fusing, Varistor 6-8

EM.E.A ....................................•.... 5-9

Gas Discharge Device 2-6

Gas Tubes 2-4, 12-52

Grain Structure 3-3

Grains 3-3

Ground Currents 10-3

Ground Potential Rise .............•............... 10-5

Harris Varistor Properties .......•................... 3-3

Heavy Metals ............•..........•.......... 12-57

High Reliability Testing ....................•....... 13-3

Humidity Life ............................•....... 5-18

Hybrid Protection 2-9

~ H
Idle Power. See Standby Power

IEC Standard 1-18

IEEE Standard .......•...................... 3-11, 7-12



Inouceo I ranslents 1 U-4

Inductance, Leads 3-10,7-6,12-57

Induction Motor, Stored Energy ...•................. 6-18

Inductive Load Switching 6-14

Inductive Loads, Transistor Switching ......•......... 6-16

Inrush Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-11

Instrumentation, Transient Detection. See Equipment, Test

Insulation 1-15

ISO 9000 ......•........................•.... 5-3, 5-7

Jump Starts ....................•........... 1-14,11-3

Junction, Grain Boundary 3-3, 3-4

Laboratory Instruments 7-10

Lead Length 7-6

Leakage Region ...............•.................. 3-9

Life, DC Power 5-14

Life, Humidity. See Humidity Life

Life, Storage. . . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . . . . . 5-17

Life Testing ..................•................... 7-8

Lifetime Current Rating . . . . . . . . • . . . . . . . . . . . . . . . . . . . 6-5

Lightning 1-19, 6-8,10-3,10-8

Lightning Transients 10-5

Load Dump .............•........•.......... 1-14, 11-3

Load Line ..........•.............•........... 6-5, 6-6

Location Category .......•...•........•...•...... 1-22

Long Branch Circuits 1-22,4-7

Loop Area ..................•.................... 7-6

Magnetizing Current. .........•................... 6-13

Manufacturing Sequence ......•...•...•............ 3-5

Matching .......................•............... 6-10

Mean Life. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12

Measurement of Characteristics 7-4

Measuring Transients .............•...•...•....... 7-10

Mechanical. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13-9

Mechanical Reliability 5-15

Mechanical Shock 5-18

Metal Oxide Properties ..........•........•...•..... 3-3

MOlor vOntrOI ...................•...•........... b-l«

Motor Protection .....................•........... 6-18

MTIF .............................•........... 5-10

Mutual Coupling 6-14

Noise Generation ..........•..................... 1-16

Noise Suppression 6-15

Nonlinear Resistors 2-5

Operation, Theory of ......•....•...•............... 3-4

Overshoot Effect. .........•........•...... 3-11, 7-5, 7-6

Package Material Expulsion 6-8

Package Photo 3-7

Parallel Operation ................•...•........... 6-10

Peak Current Rating ..............•................ 7-8

Peak Current Rating. See Current

PFAST 5-6

Phase Connections 4-8

P-N Junction ..................•....•...•......... 3-3

Power Circuits (AC) 1-19

Power Consumption ............•................. 1-16

Power Contact .........................•........ 10-5

Power Cross ..............................•..... 10-5

Power Derating ............................•...... 6-6

Power Dissipation Requirements ......•...•...•...... 6-5

Power Induction .......................•......... 10-5

Power Lines (AC) Transients .........•............. 1-13

Power, Standby 2-6

Power Supply Crowbar. See Crowbar

Power Supply Protection 6-11

Power-Follow 2-4

Primary Protection 10-5

Product Family Guide ..........•.......•........... 6-7

Product Qualification 7-3

Product Series, Varistor ...•........•...•........... 4-1

Proof Tests ..................•.................. 2-10

Protection Array 9-11

Pulse Current Testing ........•..................... 7-5

Pulse Current Waveform .......•...•............... 3-13

Pulse Energy ...............................•... 5-14

Pulse Rating .......•.......•....•...•...•........ 7-8



Quality .

Questions, Common .....

. ........•......... 5-3

. ...•... 12-55

Radiation Hardness. . . . . ........•......... 5-19, 13-9

Random Transients. . . . . . . . . . . . . . . . .. . . . . . .. 1-13

Rate Effects .................•.........•....•... 3-10

Rate of Rise. . . . . . . . . . . . . . . . . . . . • . .. 1-16

Rating, Assurance. See Assurance Tests

Rating, Peak Current. See Current, Peak Rating

Rating, Power Dissipation. . . . 7-8

Rating Table. . . . . . . . . . . ......•............. 6-3

Ratings, Current vs Temperature 6-5, 6-6

RC Network Snubbers. . . . 2-4

REA Standard. . . . . . . . . 7-12

Relay Capacitance, Stray. . .........•....... 1-12

Relay Switching. See Applications, Relays

Reliability. . . . . . . . . . . . . . . . .............•....... 5-3

Reliability, AC Bias. . . . . . . . . 5-11

Reliability, DC Bias 5-13

Reliability, Environmental. _. . . . . • . . . . . . . . . . . . .. 5-18

Reliability Model, DC Power Life 5-14

Reliability Terms. . 5-10

Repeatable Transients. . . 1-11

Response Time 2-8, 3-10

Restrike . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . .. 1-12

RFI Filter. 6-11

Secondary Protection .. _. . . . . . . . . . . . . • . . . . . . . . • . .. 10-6

Selecting the Varistor _.........•......... 6-3

Selection Guide 6-7,6-20

Selenium Suppressors. . . . _ 2-5

Semiconductor Degradation ...........•........•... 1-15

Semiconductor, Transient Effects ........•...•....... 1-15

Series Operation. . . . . . . . 6-10

Service Entrance ...............•.... _....•... 1-22, 4-7

Shock Testing. See Mechanical

Short-Circuit Device. . . . . . . . . . . 5-15

Signal Line Protection. See Array, Protection

Silicon Carbide 2-5

_ 2-4,2-7

SPC .........................•...•............. 5-7

Specifications Table .....................•......... 6-3

Speed of Response. See Response Time

Stability ...............................•....•... 5-13

Standards ..................................•... 1-18

Standby Power. See Power, Standby

Starting Currents .....................•........... 6-18

Static Resistance ....................•...•....... 3-10

Storage 5-18

Storage Reliability .......•...•..................... 5-9

Stored Energy ..............•........... 1-12, 6-13, 6-14
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